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Economic Highlights of Chesapeake Bay

& In 1992, the dockside value of commercial
shellfish and finfish harvests from
Chesapeake Bay was close to $80 million.

& In 1993, more than 175,000 pleasure craft
(e.g., sail boats) were registered in the Bay.

& Close to 1 million anglers in Maryland and
Virginia made an estimated 600,000 fishing
trips in 1991.  Recreational fishing in these
states is estimated at more than $1 billion
annually.

& The Chesapeake is a key commercial
waterway, and home to two of the nation's five
major North Atlantic ports (Port of Baltimore,
MD, and Hampton Roads Complex, VA). 
More than 90 million tons of cargo were
shipped via the Bay in 1992.

,9�&��&KHVDSHDNH�%D\

7KH�&KHVDSHDNH�%D\��ODUJHVW�RI�WKH�����HVWXDULHV�LQ�WKH�8QLWHG�6WDWHV��ZDV�WKH�ILUVW�LQ�WKH
QDWLRQ�WR�EH�WDUJHWHG�IRU�UHVWRUDWLRQ�DV�DQ�LQWHJUDWHG�ZDWHUVKHG��DLUVKHG��DQG�HFRV\VWHP���7KH
��������NP �GUDLQDJH�EDVLQ��RU�ZDWHUVKHG���VKRZQ�LQ�)LJXUH�,9����FRYHUV�SDUWV�RI�VL[�VWDWHV�

�'HODZDUH��0DU\ODQG��1HZ�<RUN��3HQQV\OYDQLD��9LUJLQLD��DQG�:HVW�9LUJLQLD��DQG�WKH�'LVWULFW�RI
&ROXPELD��DQG�LQFOXGHV�PRUH�WKDQ�����ULYHUV�DQG�VWUHDPV���7KH�PDMRU�WULEXWDU\�EDVLQV�ZLWKLQ�WKH
&KHVDSHDNH�%D\�ZDWHUVKHG�DUH�VKRZQ�LQ�)LJXUH�,9����ZKLFK�LV�IRXQG�ODWHU�LQ�WKLV�VHFWLRQ�

6WUHWFKLQJ�IURP�+DYUH�GH�*UDFH�
0DU\ODQG��WR�1RUIRON��9LUJLQLD��WKH
&KHVDSHDNH�%D\�LV�����NP�ORQJ��DQG�UDQJHV
IURP���WR����NP�ZLGH���7KH�%D\�KDV�RYHU
�������NP�RI�VKRUHOLQH��PRUH�WKDQ�WKH�HQWLUH
:HVW�&RDVW�RI�WKH�FRQWLQHQWDO�8QLWHG�6WDWHV�
DQG�D�VXUIDFH�DUHD�RI�DSSUR[LPDWHO\�������
NP ���*HQHUDOO\�VKDSHG�OLNH�D�VKDOORZ�WUD\��

WKH�%D\
V�DYHUDJH�GHSWK��LQFOXGLQJ�DOO�WLGDO
WULEXWDULHV��LV�RQO\���PHWHUV��ZLWK�D�IHZ�GHHS
WURXJKV�UXQQLQJ�DORQJ�PXFK�RI�LWV�OHQJWK�WKDW
DYHUDJH����WR����PHWHUV��DQG�UHDFKLQJ���
PHWHUV�DW�WKH�GHHSHVW�SRLQW���7R�YLVXDOL]H�WKH
UHODWLYHO\�ODUJH�ZDWHUVKHG�LQ�FRQWUDVW�WR�WKH
VPDOO�%D\�YROXPH��LPDJLQH�WKDW�WKH�%D\
V
ZDWHUVKHG�LV�UHGXFHG�WR�WKH�VL]H�RI�WKLV�SDJH�
WKH�UHODWLYH�VL]H�RI�WKH�&KHVDSHDNH�%D\�ZRXOG
EH�D�VHFWLRQ�����LQFKHV�E\�����LQFKHV�LQ�WKH
ORZHU�ULJKW�KDQG�FRUQHU��DQG�WKH�DYHUDJH
GHSWK�RI�WKH�%D\�ZRXOG�EH�UHSUHVHQWHG�E\
RQH�VL[WLHWK�WKH�WKLFNQHVV�RI�WKH�SDSHU��VHH�DOVR�)LJXUH�,9����

6XSSRUWLQJ�����VSHFLHV�RI�ILQILVK�����VSHFLHV�RI�VKHOOILVK��DQG��������SODQW�VSHFLHV��WKH
&KHVDSHDNH�%D\�LV�D�QDWLRQDO�HFRORJLFDO�WUHDVXUH���7KH�&KHVDSHDNH�%D\�LV�DOVR�KRPH�WR����VSHFLHV
RI�ZDWHUIRZO�DQG�LV�D�PDMRU�UHVWLQJ�JURXQG�DORQJ�WKH�$WODQWLF�0LJUDWRU\�%LUG�)O\ZD\���(YHU\
\HDU��RQH�PLOOLRQ�ZDWHUIRZO�ZLQWHU�LQ�WKH�%D\
V�EDVLQ���(FRQRPLF�KLJKOLJKWV�RI�WKH�&KHVDSHDNH
%D\�DUH�SUHVHQWHG�LQ�WKH�VLGHEDU�DERYH���,Q�DOO��WKH�&KHVDSHDNH�LV�D�FRPPHUFLDO�DQG�UHFUHDWLRQDO
UHVRXUFH�IRU�PRUH�WKDQ����PLOOLRQ�%D\�EDVLQ�UHVLGHQWV�

7KH�UHPDLQGHU�RI�6HFWLRQ�,9�&�SUHVHQWV�LQIRUPDWLRQ�RQ���WKH�&KHVDSHDNH�%D\�3URJUDP�
DWPRVSKHULF�GHSRVLWLRQ�RI�QLWURJHQ�WR�WKH�&KHVDSHDNH�%D\��DQG�DWPRVSKHULF�GHSRVLWLRQ�RI�WR[LF
FRQWDPLQDQWV�WR�WKH�&KHVDSHDNH�%D\�

&KHVDSHDNH�%D\�3URJUDP

1RZ�LQ�LWV�IRXUWHHQWK�\HDU��WKH�&KHVDSHDNH�%D\�3URJUDP�LV�D�XQLTXH��UHJLRQDO
SDUWQHUVKLS�WKDW�KDV�GLUHFWHG�DQG�FRRUGLQDWHG�&KHVDSHDNH�%D\�UHVWRUDWLRQ�VLQFH�WKH�VLJQLQJ�RI
WKH�KLVWRULF������&KHVDSHDNH�%D\�$JUHHPHQW���7KH�SULQFLSDO�SDUWQHUV�LQ�WKH�&KHVDSHDNH�%D\
3URJUDP�LQFOXGH�WKH�6WDWH�RI�0DU\ODQG��WKH�&RPPRQZHDOWKV�RI�9LUJLQLD�DQG�3HQQV\OYDQLD��
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FIGURE IV-8
Chesapeake Bay Watershed
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The state of the Chesapeake restoration
and protection effort was described in the
latest State of the Chesapeake Bay report
(CBP 1995b):

"If the health of the Bay could be likened to that of
a hospital patient, the doctor would report that the
patient's vital signs, such as living resources,
habitat, and water quality, are stabilized and the
patient is out of intensive care.  Some vital signs,
such as striped bass and Bay grasses have
improved dramatically, while a few, such as
oysters, are in decline.  Other vital signs are mixed
but stable.  Nutrients are being reduced, with
phosphorus levels down considerably more than
nitrogen levels and dissolved oxygen remains
steady.  Overall, the patient still suffers stress from
an expanding population and changing land use,
but it is on the road to recovery.  Taken as a
whole, the concentrated restoration and
management effort begun ten years ago has
produced tangible results--a state of the Bay that
is better today than when we started..."

WKH�'LVWULFW�RI�&ROXPELD��WKH�&KHVDSHDNH�%D\�&RPPLVVLRQ��UHSUHVHQWLQJ�WKH�VWDWH�OHJLVODWXUHV��
DQG�(3$�RQ�EHKDOI�RI�WKH�IHGHUDO�JRYHUQPHQW�

,Q�������(3$�LGHQWLILHG�DQ�H[FHVV�RI
WKH�QXWULHQWV�QLWURJHQ�DQG�SKRVSKRUXV��DQG
WKH�UHVXOWLQJ�DFFHOHUDWHG�HXWURSKLFDWLRQ��DV
WKH�SULPDU\�UHDVRQ�IRU�WKH�GHFOLQH�LQ�ZDWHU
TXDOLW\�LQ�&KHVDSHDNH�%D\��8�6��(3$��������
([FHVV�QXWULHQWV�VWLPXODWH��EORRPV��RI
SK\WRSODQNWRQ�DOJDH��ZKLFK�WKHQ�VLQN�WR�WKH
ERWWRP�RI�WKH�&KHVDSHDNH���,Q�WKH�ERWWRP
ZDWHUV��GHFD\�RI�WKH�SK\WRSODQNWRQ�FRQVXPHV
R[\JHQ��ZKLFK�H[SDQGV�WKH�DUHD�RI�DQR[LF
ERWWRP�ZDWHUV��L�H����GHDG�ZDWHUV��ODUJHO\
GHYRLG�RI�R[\JHQ�DQG�XQDEOH�WR�VXSSRUW�OLIH���
%ORRPV�RI�DOJDH�DOVR�UHGXFH�OLJKW�WR
VXEPHUJHG�DTXDWLF�YHJHWDWLRQ��6$9��
UHVXOWLQJ�LQ�WKH�ORVV�RI�DQ�LPSRUWDQW�KDELWDW
IRU�MXYHQLOH�ILVK�DQG�FUDEV����$�UHFHQW
DVVHVVPHQW�RI�WKH�VWDWH�RI�WKH�%D\�LV�SUHVHQWHG
LQ�WKH�VLGHEDU��

8VLQJ�WKH�ZDWHUVKHG�DV�WKH�FHQWUDO
IRFXV��WKH�&KHVDSHDNH�%D\�$JUHHPHQW�RI�����
UHFRJQL]HG�WKH�KLVWRULFDO�GHFOLQH�RI�WKH�%D\
V
OLYLQJ�UHVRXUFHV�DQG�UHFRPPHQGHG�D�FRRSHUDWLYH�DSSURDFK�DPRQJ�WKH�IHGHUDO�DQG�VWDWH
JRYHUQPHQWV�ZLWKLQ�WKH�ZDWHUVKHG�WR�DGGUHVV�SUREOHPV�GHILQHG�E\�WKH�����������&KHVDSHDNH
%D\�5HVHDUFK�3URJUDP���7KH�RQH�SDJH�DJUHHPHQW�FRPPLWWHG�WKH�VLJQDWRULHV�WR�ZRUN�WRJHWKHU�WR
�IXOO\�DGGUHVV�WKH�H[WHQW��FRPSOH[LW\��DQG�VRXUFHV�RI�SROOXWDQWV�HQWHULQJ�WKH�%D\����7KH�ZDWHUVKHG
DSSURDFK�RI�WKH�VWDWH�IHGHUDO�SDUWQHUVKLS�ZDV�FKRVHQ�DV�WKH�PRVW�SUDFWLFDO�PHWKRG�IRU
LPSOHPHQWLQJ�UHVWRUDWLRQ�HIIRUWV�RQ�ERWK�D�ORFDO�DQG�UHJLRQDO�VFDOH�

%XLOGLQJ�RQ�DQ�H[SDQGHG�XQGHUVWDQGLQJ�RI�WKH�%D\�V\VWHP�DQG�LQFUHDVLQJ�H[SHULHQFH
ZLWK�RQ�WKH�JURXQG�LPSOHPHQWDWLRQ�ZLWKLQ�WKH�FRRSHUDWLYH�EDVLQZLGH�SDUWQHUVKLS��D�QHZ
&KHVDSHDNH�%D\�$JUHHPHQW�ZDV�VLJQHG�LQ������WKDW�VHW�IRUWK�D�FRPSUHKHQVLYH�DUUD\�RI�JRDOV�
REMHFWLYHV��DQG�FRPPLWPHQWV�WR�DGGUHVV�OLYLQJ�UHVRXUFHV��ZDWHU�TXDOLW\��JURZWK��SXEOLF
LQIRUPDWLRQ��DQG�JRYHUQDQFH��&KHVDSHDNH�([HFXWLYH�&RXQFLO���������7KH�FHQWHUSLHFH�RI�WKH
DJUHHPHQW�ZDV�D�FRPPLWPHQW�WR�DFKLHYH�D����SHUFHQW�UHGXFWLRQ�RI�QLWURJHQ�DQG�SKRVSKRUXV
HQWHULQJ�WKH�%D\�E\�WKH�\HDU��������7KLV�PHDVXUDEOH�JRDO�DGGHG�D�VSHFLILF�GLUHFWLRQ�WR�RQJRLQJ
PRQLWRULQJ��PRGHOLQJ��DQG�QXWULHQW�UHGXFWLRQ�LPSOHPHQWDWLRQ�SURJUDPV���7KURXJK�WKH������%D\
$JUHHPHQW��WKH�VLJQDWRULHV�DOVR�FRPPLWWHG�WR��TXDQWLI\�WKH�LPSDFWV�DQG�LGHQWLI\�WKH�VRXUFHV�RI
DWPRVSKHULF�LQSXWV�RQ�WKH�%D\�V\VWHP����7KLV�VHHPLQJO\�PLQRU�FRPPLWPHQW�DW�WKH�WLPH�VHW�WKH
VWDJH�IRU�D�GHFDGH�ORQJ�SDWK�WR�IRUPDOO\�DGGUHVV�DWPRVSKHULF�GHSRVLWLRQ�DV�DQ�LQWHJUDO
FRPSRQHQW�RI�EDVLQZLGH�SROOXWLRQ�UHGXFWLRQ�VWUDWHJLHV�DQG�LPSOHPHQWDWLRQ�DFWLRQV�
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Sources of Nitrogen Entering the Bay

Sources of the 170.8 million kilograms of
nitrogen delivered annually to the Bay include:

& Point source water discharges (23% or 39.3
million kg), such as sewage treatment plants;

& Atmospheric deposition directly to tidal
waters(9% or 15.4 million kg) and indirectly to
tidal waters (18% or 30.2 million kg); and

& Other nonpoint sources (50% or 85.9 million
kg), such as runoff from agriculture and urban
areas.

$WPRVSKHULF�'HSRVLWLRQ�RI�1LWURJHQ�WR�&KHVDSHDNH�%D\

7KLV�VHFWLRQ�SUHVHQWV�LQIRUPDWLRQ�RQ�WKH�&KHVDSHDNH�%D\�1XWULHQW�5HGXFWLRQ�6WUDWHJ\�
DQ�RYHUYLHZ�RI�DWPRVSKHULF�QLWURJHQ�ORDGLQJV�WR�WKH�%D\��IURP�PRGHOLQJ�RI�WKH�DLUVKHG��WR
QLWURJHQ�ORDGLQJV�HVWLPDWHV��WR�PRGHOLQJ�RI�WKH�ZDWHUVKHG�DQG�HVWXDU\���DQG�DUHDV�RI�XQFHUWDLQW\
DQG�ZRUN�XQGHUZD\���$OWKRXJK�WKH�&KHVDSHDNH�%D\�$JUHHPHQW�DQG�WKH�ED\ZLGH�1XWULHQW
5HGXFWLRQ�6WUDWHJ\�IRFXV�RQ�WZR�PDLQ�QXWULHQWV��QLWURJHQ�DQG�SKRVSKRUXV��WKLV�VHFWLRQ�IRFXVHV
PDLQO\�RQ�QLWURJHQ�EHFDXVH�DWPRVSKHULF�GHSRVLWLRQ��WKH�IRFXV�RI�WKLV�UHSRUW��LV�D�VLJQLILFDQW
SDWKZD\�RI�FRQFHUQ�IRU�QLWURJHQ�ORDGLQJV�RQO\�

1875,(17�5('8&7,21�675$7(*<

7KH�&KHVDSHDNH�%D\�$JUHHPHQW
FRPPLWV�WKH�VLJQDWRULHV�WR�UHGXFH�WKH
�FRQWUROODEOH��QXWULHQW�ORDGV�E\����SHUFHQW�E\
WKH�\HDU��������&RQWUROODEOH�ORDGV�DUH�GHILQHG
DV�WKH�EDVHOLQH�\HDU�ORDGV�PLQXV�WKH�ORDGV
GHOLYHUHG�WR�WKH�%D\�XQGHU�DQ�DOO��IRUHVWHG
ZDWHUVKHG��L�H���D�ZDWHUVKHG�SURYLGLQJ�RQO\
QDWXUDO��XQFRQWUROODEOH�VRXUFHV�RI�QLWURJHQ�
ZLWKLQ�WKH�%D\�$JUHHPHQW�VLJQDWRU\�MXULV�
GLFWLRQV��/LQNHU�HW�DO����������,Q�RWKHU�ZRUGV�
FRQWUROODEOH�ORDGV�DUH�GHILQHG�DV�HYHU\WKLQJ
RYHU�DQG�DERYH�WKH�WRWDO�SKRVSKRUXV�RU�WRWDO
QLWURJHQ�ORDGV�WKDW�ZRXOG�KDYH�FRPH�IURP�DQ
HQWLUHO\�IRUHVWHG�ZDWHUVKHG�LQ�WKH�6WDWHV�RI
3HQQV\OYDQLD��0DU\ODQG��DQG�9LUJLQLD��DQG
WKH�'LVWULFW�RI�&ROXPELD��JLYHQ�H[LVWLQJ�UDWHV�RI�DWPRVSKHULF�GHSRVLWLRQ���,Q�WKLV�GHILQLWLRQ��SRLQW
VRXUFH�ORDGV�DUH�FRQVLGHUHG�HQWLUHO\�FRQWUROODEOH���,Q�DGGLWLRQ��IRU�WKH�%D\�$JUHHPHQW��HPLVVLRQV
RI�QLWURJHQ�FRPSRXQGV�OHDGLQJ�WR�DWPRVSKHULF�GHSRVLWLRQ�DUH�FRQVLGHUHG�XQFRQWUROODEOH��
1RQSRLQW�VRXUFHV�PD\�EH�FRQWUROODEOH�RU�XQFRQWUROODEOH�

7R�PHDVXUH�WKH�JRDO�RI�UHGXFLQJ�FRQWUROODEOH�QXWULHQW�ORDGV�E\����SHUFHQW��WKH�&KHVD�
SHDNH�%D\�3URJUDP�HVWDEOLVKHG�D������EDVHOLQH�RI�QXWULHQW�ORDGV���7KH������EDVHOLQH�ORDG�ZDV
GHILQHG�XVLQJ������SRLQW�VRXUFH�ORDGV�DQG�D�����������DYHUDJH�ORDG�IRU�QRQSRLQW�VRXUFHV���7KH
&KHVDSHDNH�%D\�3URJUDP�FKRVH�WKH�DYHUDJH�ORDG�RI�WKH�����������SHULRG�DV�WKH�EDVH�WR�EH�UHSUH�
VHQWDWLYH�RI�QRQSRLQW�VRXUFH�ORDGV�IRU�DOO�WULEXWDULHV��EHFDXVH�ULYHU�IORZ�DQG�DVVRFLDWHG�QRQSRLQW
VRXUFH�ORDGV�PD\�YDU\�GHSHQGLQJ�RQ�UDLQIDOO���7DEOH�,9���SUHVHQWV�WKH������EDVH�ORDG�DQG���
SHUFHQW�UHGXFWLRQ�WDUJHW�IRU�WKH�PDMRU�WULEXWDU\�EDVLQV�RI�WKH�%D\��DQG�)LJXUH�,9���SUHVHQWV�WKH
ORFDWLRQV�RI�WKH�WULEXWDU\�EDVLQV���$IWHU�WKH�\HDU�������WKH�WULEXWDU\�QXWULHQW�UHGXFWLRQ�WDUJHWV��L�H��
WKH������EDVH�ORDG�PLQXV�WKH����SHUFHQW�UHGXFWLRQ�WDUJHW��EHFRPH�QXWULHQW�FDSV�WKDW�DUH�QRW�WR�EH
H[FHHGHG�DW�DQ\�WLPH�LQ�WKH�IXWXUH�HYHQ�LQ�WKH�IDFH�RI�FRQWLQXHG�SRSXODWLRQ�JURZWK�DQG�GHYHORS�
PHQW�RI�WKH�ZDWHUVKHG�

,Q�������WKH�EDVLQZLGH�UHGXFWLRQ�JRDO�ZDV�UHHYDOXDWHG�DQG�DOORFDWHG�DPRQJ�WKH�WHQ�PDMRU
WULEXWDU\�ZDWHUVKHG�EDVLQV���7KH�VWDWH�MXULVGLFWLRQV��ZLWK�GLUHFW�LQYROYHPHQW�RI�WKH�SXEOLF��WKHQ
GHYHORSHG�FRPSUHKHQVLYH�WULEXWDU\�VSHFLILF�QXWULHQW�UHGXFWLRQ�VWUDWHJLHV�ZLWKLQ�WKH�LQGLYLGXDO
ZDWHUVKHGV���$V�SDUW�RI�WKH������DPHQGPHQWV�WR�WKH�&KHVDSHDNH�%D\�$JUHHPHQW��WKH�VLJQDWRULHV
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FRPPLWWHG��WR�LQFRUSRUDWH�LQ�WKH�1XWULHQW�5HGXFWLRQ�6WUDWHJLHV�DQ�DLU�GHSRVLWLRQ�FRPSRQHQW
ZKLFK�EXLOGV�XSRQ�WKH������$PHQGPHQWV�WR�WKH�IHGHUDO�&OHDQ�$LU�$FW�DQG�H[SORUHV�DGGLWLRQDO
LPSOHPHQWDWLRQ�RSSRUWXQLWLHV�WR�IXUWKHU�UHGXFH�DLUERUQH�VRXUFHV�RI�QLWURJHQ�HQWHULQJ
&KHVDSHDNH�%D\�DQG�LWV�WULEXWDULHV���&KHVDSHDNH�([HFXWLYH�&RXQFLO�������

TABLE IV-7
Chesapeake Bay Basin Nutrient Reduction and Loading Caps by Major Tributary Basin

(in millions of kilograms)

Major Tributary 1985 Base 40% Target Year 2000 Agreement
Watershed Basin Nutrient Load Reduction Loading Cap

Eastern Shore MD Nitrogen 10.34 2.54 7.80

Phosphorus 0.82 0.28 0.54

Eastern Shore VA Nitrogen 0.82 0.18 0.64

Phosphorus 0.04 0.01 0.03

James Nitrogen 19.82 6.39 13.43a

Phosphorus 2.80 0.97 1.83

Patuxent Nitrogen 2.22 0.64 1.59

Phosphorus 0.24 0.09 0.15

Potomac Nitrogen 31.16 8.48 22.68b

Phosphorus 2.41 0.78 1.64

Rappahannock Nitrogen 3.76 1.18 2.59

Phosphorus 0.39 0.15 0.24

Susquehanna Nitrogen 52.98 8.30 44.68c

Phosphorus 2.69 1.01 1.69

York Nitrogen 2.90 0.86 2.04

Phosphorus 0.42 0.15 0.27

Western Shore MD Nitrogen 12.02 4.39 7.62

Phosphorus 0.77 0.30 0.47

Western Shore VA Nitrogen 1.91 0.54 1.36

Phosphorus 0.23 0.09 0.14

 James loads include only loads from Virginia. a

 Potomac loads include only loads from Pennsylvania, Maryland, Virginia, and the District of Columbia.b

 Susquehanna loads include only loads from Pennsylvania and Maryland.c

Source:  Adapted from CBP 1992.
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FIGURE IV-9
Major Tributary Basins of the Chesapeake Bay

$Q\�UHGXFWLRQV�LQ
QLWURJHQ�ORDGV�EURXJKW�DERXW
E\�SURJUDPV�LPSOHPHQWLQJ
WKH�&$$�DUH�FRQVLGHUHG�WR�EH
DGGLWLRQDO�QXWULHQW�ORDG
UHGXFWLRQV�VHSDUDWH�IURP�WKH
SRLQW�DQG�QRQSRLQW�VRXUFH
UHGXFWLRQV�LGHQWLILHG�LQ�WKH
WULEXWDU\�QXWULHQW�UHGXFWLRQ
VWUDWHJLHV���&$$�LPSOHPHQWD�
WLRQ�LV�H[SHFWHG�WR�UHGXFH
QLWURJHQ�ORDGV�LQ�&KHVDSHDNH
%D\�EH\RQG�WKH�WULEXWDU\
VWUDWHJ\�UHGXFWLRQV��&%3
����D����+RZHYHU��WKHVH�DG�
GLWLRQDO�UHGXFWLRQV�PD\�ODVW
RQO\�D�VKRUW�WLPH��DW�VRPH�WLPH
DIWHU�WKH�\HDU�������SRSXODWLRQ
JURZWK�DQG�LQFUHDVHG�ODQG
GHYHORSPHQW�DUH�H[SHFWHG�WR
EHJLQ�HURGLQJ�WKH�JDLQV�PDGH
E\�WKH�&$$���7KLV�H[SHFWHG
LQFUHDVH�LQ�QXWULHQW�ORDGV�PD\
PDNH�LW�GLIILFXOW�WR�PHHW�WKH
FDSV�RQ�QXWULHQW�ORDGV�WR�WKH
%D\���,QGHHG��LW�ZDV�DFNQRZ�
OHGJHG�DW�WKH�WLPH�WKH
WULEXWDU\�VWUDWHJLHV�ZHUH
GHYHORSHG�WKDW��DFKLHYLQJ�D���
SHUFHQW�QXWULHQW�UHGXFWLRQ
JRDO��LQ�DW�OHDVW�VRPH�FDVHV�
FKDOOHQJHV�WKH�OLPLWV�RI�FXUUHQW
SRLQW�DQG�QRQSRLQW�VRXUFH�FRQWURO�WHFKQRORJLHV���&KHVDSHDNH�([HFXWLYH�&RXQFLO���������7R
PDLQWDLQ�WKH�UHVWRUDWLRQ�SURJUHVV�WKDW�ZLOO�EH�DFKLHYHG�E\�WKH�\HDU�������WKH�WHFKQRORJLFDO�OLPLWV
RI�FRQWUROV�RQ�UHGXFWLRQV�IURP�SRLQW�DQG�QRQSRLQW�VRXUFHV�PD\�KDYH�WR�EH�H[SDQGHG�WR�PDNH
IXUWKHU�UHGXFWLRQV�LQ�WKHVH�DUHDV�HFRQRPLFDOO\�DWWUDFWLYH��RU�RWKHU�VRXUFHV�RI�FRQWUROODEOH
QXWULHQWV�PD\�KDYH�WR�EH�FRQVLGHUHG�WR�DFKLHYH�FRVW�HIIHFWLYH�HFRV\VWHP�SURWHFWLRQ�LQ�WKH�%D\�

02'(/,1*�$,5�72�:$7(56+('�75$163257���7+(�&+(6$3($.(�%$<�$,56+('

$�VHULHV�RI�OLQNHG�FRPSXWHU�PRGHOV�KDYH�EHHQ�GHYHORSHG�E\�WKH�&KHVDSHDNH�%D\
3URJUDP�WR�VLPXODWH�WKH�WUDQVSRUW�RI�QLWURJHQ�IURP�LWV�HPLVVLRQ�VRXUFHV�WR�WKH�&KHVDSHDNH�%D\
ZDWHUVKHG�DQG�HYHQWXDOO\�LQWR�WKH�WLGDO�%D\�ZDWHUV���$V�D�ILUVW�VWHS�LQ�HVWDEOLVKLQJ�WKH�DLU�WR�WLGDO
ZDWHUV�FRQQHFWLRQ��WKH��DLUVKHG��RI�WKH�&KHVDSHDNH�%D\�ZDV�GHILQHG���7KH�ERXQGDULHV�RI�WKH
DLUVKHG�ZHUH�GHILQHG�DV�WKH�FRQWLJXRXV�DUHDV�ZKRVH�VRXUFHV��VLJQLILFDQWO\��FRQWULEXWHG��L�H�����
SHUFHQW��WR�DWPRVSKHULF�GHSRVLWLRQ�RI�QLWURJHQ�WR�WKH�%D\�DQG�LWV�VXUURXQGLQJ�ZDWHUVKHG
�'HQQLV���������7KHVH�ERXQGDULHV�ZHUH�GHOLQHDWHG�E\�UXQQLQJ�D�VHULHV�RI�VFHQDULRV�RQ�WKH
5HJLRQDO�$FLG�'HSRVLWLRQ�0RGHO��5$'0���XVLQJ�D�SUHGHILQHG�SRLQW�RI�GLPLQLVKLQJ�UHWXUQ��L�H��
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FIGURE IV-10
Chesapeake Bay Airshed

ZKHQ�D����SHUFHQW�UHGXFWLRQ�LQ�HPLVVLRQV�IURP�ODUJH�VRXUFH�UHJLRQV�ZRXOG�EH�H[SHFWHG�WR
SURGXFH�OHVV�WKDQ�D����SHUFHQW�UHGXFWLRQ�LQ�GHSRVLWLRQ�RQWR�WKH�%D\�ZDWHUVKHG����7KH�UHVXOWLQJ
��������NP �DLUVKHG��VKRZQ�LQ�)LJXUH�,9�����LV�DERXW�����WLPHV�ODUJHU�WKDQ�WKH�%D\
V�ZDWHUVKHG�

DQG�LQFOXGHV���DOO�RI�0DU\ODQG��9LUJLQLD��3HQQV\OYDQLD��'HODZDUH��WKH�'LVWULFW�RI�&ROXPELD��:HVW
9LUJLQLD��DQG�2KLR��PRVW�RI�1HZ�<RUN��KDOI�RI�1HZ�-HUVH\��1RUWK�&DUROLQD��DQG�.HQWXFN\��DQG
SDUWV�RI�7HQQHVVHH��6RXWK�&DUROLQD��0LFKLJDQ��2QWDULR��DQG�4XHEHF��LQFOXGLQJ�/DNHV�(ULH�DQG
2QWDULR�����6HH�&KDSWHU�,,,�IRU�D�GHVFULSWLRQ�RI�5$'0�DQG�'HQQLV��������IRU�PRUH�LQIRUPDWLRQ�RQ
WKH�XVH�DQG�OLPLWDWLRQV�RI�5$'0�LQ�WKLV�VWXG\��

$FFRUGLQJ�WR�WKH�%D\�DLUVKHG�PRGHO��DERXW����SHUFHQW�RI�WKH�QLWURJHQ�WKDW�LV�GHSRVLWHG�RQ
WKH�%D\�DQG�LWV�VXUURXQGLQJ�ZDWHUVKHG�RULJLQDWHV�IURP�VRXUFHV�ZLWKLQ�WKH�%D\�ZDWHUVKHG��
6RXUFHV�ORFDWHG�ZLWKLQ�WKH�MXULVGLFWLRQV�RI�WKH�%D\�$JUHHPHQW�VLJQDWRULHV�RI�0DU\ODQG��9LUJLQLD�
3HQQV\OYDQLD��DQG�WKH�'LVWULFW�RI�&ROXPELD��LQFOXGLQJ�WKRVH�VRXUFHV�WKDW�DUH�ZLWKLQ�WKH�VWDWH
ERXQGDULHV�EXW�RXWVLGH�RI�WKH�%D\�ZDWHUVKHG��FRQWULEXWH�DERXW����SHUFHQW�RI�WKH�QLWURJHQ�WKDW
GHSRVLWV�RQ�WKH�%D\�DQG�LWV�ZDWHUVKHG��'HQQLV�������
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FIGURE IV-11
NO  Emission Sources in the Major Bay Influencing Statesx

$V�GHILQHG��WKH�%D\�DLUVKHG��ZKLFK�DFFRXQWV�IRU����SHUFHQW�RI�DOO�QLWURJHQ�HPLVVLRQV�LQ�WKH
HDVWHUQ�8QLWHG�6WDWHV�DQG�&DQDGD��DFFRXQWV�IRU����SHUFHQW�RI�WKH�DWPRVSKHULF�QLWURJHQ�GHSRVLWHG
RQWR�WKH�%D\�DQG�LWV�ZDWHUVKHG���7KH�UHPDLQLQJ����SHUFHQW�RI�WKH�GHSRVLWLRQ�RULJLQDWHV�IURP�HPLV�
VLRQ�VRXUFHV�RXWVLGH�WKH�GHILQHG�DLUVKHG��'HQQLV���������7KHUHIRUH��WKH�&KHVDSHDNH�%D\�DLUVKHG�DV
GHILQHG�KHUH�LV�VPDOOHU�WKDQ�WKH�DFWXDO�DUHDV�RI�WKH�8QLWHG�6WDWHV�DQG�&DQDGD�WKDW�FRQWULEXWH�WR
QLWURJHQ�GHSRVLWLRQ�WR�WKH�%D\�ZDWHUVKHG���$�VWLOO�XQUHVROYHG�SRUWLRQ�RI�WKH�DLUVKHG�LV�WKH�SRUWLRQ
WKDW�FRQWULEXWHV�WR�DWPRVSKHULF�GHSRVLWLRQ�WR�RIIVKRUH�RFHDQ�ZDWHUV�ZKLFK��LQ�WXUQ��FRQWULEXWHV�WR
WKH�LQIOX[�RI�QLWURJHQ�IURP�FRDVWDO�ZDWHUV�LQWR�WKH�VRXWKHUQ�&KHVDSHDNH�%D\��&%3�����E��

5HVHDUFKHUV�FRPSDUHG
UHVXOWV�IURP�WKH�%D\�DLUVKHG
PRGHO�WR�HPLVVLRQV�LQYHQWRU\
GDWD�RQ�VRXUFHV�RI�12 �HPLVVLRQV[

DQG�HYDOXDWHG�WKH�FRQWULEXWLRQ�RI
WKHVH�VRXUFHV�WR�QLWURJHQ�ORDGV�WR
WKH�%D\���$V�VKRZQ�LQ�)LJXUH�,9�
����GDWD�IURP�WKH�HPLVVLRQV
LQYHQWRU\�LQGLFDWH�WKDW�WKH
FRQWULEXWLRQV�IURP�XWLOLW\�DQG
PRELOH�VRXUFHV�LQ�WKH�PDMRU�%D\
LQIOXHQFLQJ�VWDWHV��L�H���0DU\ODQG�
1HZ�-HUVH\��1HZ�<RUN��2KLR�
3HQQV\OYDQLD��9LUJLQLD��:HVW
9LUJLQLD��WR�12 �HPLVVLRQV�DUH[

URXJKO\�HTXDO�DQG�PDNH�XS�WKH
PDMRULW\�RI�HPLVVLRQ�VRXUFHV��
7KURXJK�5$'0��WKHVH�GDWD�ZHUH
FRQILUPHG�DQG�WKH�SDWWHUQV�RI
QLWUDWH�GHSRVLWLRQ�IURP�WKH�WZR
VRXUFHV�ZHUH�VLPXODWHG���7KH
PRGHO�VLPXODWLRQV�VXJJHVW�WKDW
XWLOLWLHV�FRQWULEXWH�D�PDMRULW\�RI
WKH�QLWUDWH�WKDW�GHSRVLWV�RQ�WKH
ZHVWHUQ�VLGH�RI�WKH�%D\
ZDWHUVKHG�DQG�WKDW�QLWUDWH�GHSRVLWLRQ�IURP�XWLOLW\�HPLVVLRQV�VKRZV�D�GHFUHDVLQJ�WUHQG�IURP�WKH
ZHVWHUQ�WR�HDVWHUQ�SRUWLRQ�RI�WKH�ZDWHUVKHG��VHH�)LJXUH�,9��� ����7KHVH�VLPXODWLRQV�IXUWKHU��

VXJJHVW�WKDW�PRELOH�VRXUFHV��DVVRFLDWHG�ZLWK�12 �HPLVVLRQV�IURP�WKH�%RVWRQ�WR�:DVKLQJWRQ�[

'�&���PHWURSROLWDQ�DUHDV��FRQWULEXWH�D�PDMRULW\�RI�WKH�QLWUDWH�WKDW�GHSRVLWV�DORQJ�WKH�'HOPDUYD
3HQLQVXOD��WKH�&KHVDSHDNH�%D\�LWVHOI��DQG�WKH�ORZHU�SRUWLRQV�RI�WKH�ZHVWHUQ�VKRUH�WLGDO
WULEXWDULHV��VHH�)LJXUH�,9�������,Q�FRQWUDVW�WR�XWLOLW\�VRXUFHV��WKH�VLPXODWHG�GHSRVLWLRQ�IURP�PRELOH
VRXUFHV�VKRZV�D�GHFUHDVLQJ�WUHQG�IURP�WKH�HDVWHUQ�WR�ZHVWHUQ�SRUWLRQ�RI�WKH�EDVLQ���0RGHO
VFHQDULRV�VLPXODWLQJ�WKH�HIIHFWV�RI�D�XQLIRUP����SHUFHQW�UHGXFWLRQ�LQ�QLWURJHQ�HPLVVLRQV�IURP
XWLOLWLHV�DORQH�DQG�WKHQ�IURP�PRELOH�VRXUFHV�DORQH�VKRZ�WKH�VDPH�ZHVW�WR�HDVW��RU�HDVW�WR�ZHVW�
JUDGLHQWV�UHVSHFWLYHO\��'HQQLV�������
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FIGURE IV-13
RADM Total (Wet and Dry) Nitrate Deposition from Mobile Sources

FIGURE IV-12
RADM Total (Wet and Dry) Nitrate Deposition from Utility Sources

(as a percent contribution of 1990 Base Case)
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$WPRVSKHULF�QLWURJHQ�ORDGV�IURP�WKH�DLUVKHG�DUH�WUDQVSRUWHG�WR�WKH�&KHVDSHDNH�%D\�E\
WKUHH�URXWHV���GLUHFW�GHSRVLWLRQ��ERWK�ZHW�DQG�GU\��WR�WKH�%D\�WLGDO�ZDWHUV��L�H���GLUHFW�ORDGLQJV��
LQGLUHFW�GHSRVLWLRQ��ERWK�ZHW�DQG�GU\��WR�WKH�ZDWHUVKHG�ZLWK�VXEVHTXHQW�UXQRII�DQG�ULYHU
WUDQVSRUW�WR�WKH�%D\��L�H���LQGLUHFW�ORDGLQJV���DQG�GHSRVLWLRQ��ERWK�ZHW�DQG�GU\��WR�DGMDFHQW
RIIVKRUH�FRDVWDO�ZDWHUV�ZLWK�VXEVHTXHQW�WUDQVSRUW�WR�WKH�%D\�WKURXJK�FRDVWDO�FXUUHQWV���7KH�ILUVW
WZR�SURFHVVHV��GLUHFW�DQG�LQGLUHFW�GHSRVLWLRQ�WR�WKH�%D\��DUH�GLVFXVVHG�EHORZ��DV�DUH�VRPH
HVWLPDWHV�RI�WRWDO�ORDGLQJV�WR�WKH�%D\�XVLQJ�ERWK�D�PDVV�EDODQFH�DSSURDFK�DQG�FRPSXWHU�PRGHOV��
7KH�WKLUG�SDWKZD\��GHSRVLWLRQ�WR�RIIVKRUH�FRDVWDO�ZDWHUV��LV�WKH�OHDVW�XQGHUVWRRG�URXWH�DQG�LV
GLVFXVVHG�ODWHU�LQ�WKLV�VHFWLRQ�XQGHU�DUHDV�RI�XQFHUWDLQW\���'LIIHUHQW�QLWURJHQ�FRPSRXQGV�WKDW�DUH
PHDVXUHG�RU�HVWLPDWHG�LQ�QLWURJHQ�ORDGLQJV�DUH�GLVFXVVHG�LQ�WKH�ER[�RQ�WKH�QH[W�SDJH�

'LUHFW�/RDGLQJV���7KH�ILUVW�HVWLPDWHV�RI�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�WLGDO�ZDWHUV�RI
&KHVDSHDNH�%D\�ZHUH�PDGH�WKURXJK�VSDWLDO�H[WUDSRODWLRQ�RI�WKH�1DWLRQDO�$WPRVSKHULF
'HSRVLWLRQ�3URJUDP��1$'3��VLWHV�LQ�WKH�&KHVDSHDNH�ZDWHUVKHG��&HUFR�DQG�&ROH���������7KH
1$'3�LV�D�ORQJ�WHUP�QDWLRQZLGH�PRQLWRULQJ�SURJUDP�WKDW�ZDV�VWDUWHG�LQ�WKH�����V���%DVHG�RQ
WKH�DQQXDO�ORDGV�UHSRUWHG�E\�1$'3��DQG�DQ�DVVXPSWLRQ�WKDW�GU\�GHSRVLWLRQ�RI�QLWUDWH�LV�HTXDO�WR
WKH�ORQJ�WHUP�DYHUDJH�RI�ZHW�GHSRVLWLRQ�RI�QLWUDWH��)LVKHU�DQG�2SSHQKHLPHU�������+LQJD�HW�DO�
������7\OHU��������DWPRVSKHULF�GHSRVLWLRQ�RI�LQRUJDQLF�QLWURJHQ�WR�WKH�WLGDO�ZDWHUV�RI�WKH
&KHVDSHDNH�ZDV�HVWLPDWHG�DV�����PLOOLRQ�NLORJUDPV�RI�QLWUDWH�DQG�����PLOOLRQ�NLORJUDPV�RI
DPPRQLD���,Q�DGGLWLRQ��RUJDQLF�QLWURJHQ�ZDV�HVWLPDWHG�DV�����PLOOLRQ�NLORJUDPV��6PXOOHQ�HW�DO�
��������6WXGLHV�KDYH�H[SORUHG�WKH�LGHD�WKDW�DWPRVSKHULF�GHSRVLWLRQ�PD\�FRQWULEXWH�D�VLJQLILFDQW
SURSRUWLRQ�RI�SK\WRSODQNWRQ�QLWURJHQ�GHPDQGV�LQ�FRDVWDO�DUHDV��3DHUO�������3DHUO�������3DHUO�HW
DO���������SK\WRSODQNWRQ�UHTXLUH�QLWURJHQ��ERWK�QHZ�DQG�UHF\FOHG��IRU�JURZWK���)RJHO�DQG�3DHUO
��������IRU�H[DPSOH��KDYH�HVWLPDWHG�WKDW����WR����SHUFHQW�RI�DQQXDO�QHZ�QLWURJHQ�GHPDQGV�IRU
SK\WRSODQNWRQ�LQ�$OEHPDUOH�3DPOLFR�6RXQG��1&��PD\�EH�VXSSOLHG�E\�GLUHFW�DWPRVSKHULF
GHSRVLWLRQ�WR�WKH�ZDWHU�VXUIDFH��ZHW�DQG�GU\��

8VLQJ�1$'3�GDWD��ZHW�GHSRVLWLRQ�GLUHFWO\�WR�WKH�&KHVDSHDNH�%D\�WLGDO�VXUIDFH�ZDWHUV�KDV
EHHQ�HVWLPDWHG�WR�UDQJH�IURP�����WR�����PLOOLRQ�NLORJUDPV�RI�QLWUDWH�SHU�\HDU��)LVKHU�DQG
2SSHQKHLPHU�������+LQJD�HW�DO��������7\OHU���������7KRXJK�1$'3�PRQLWRULQJ�GDWD�DOORZ�LQLWLDO
HVWLPDWHV�WR�EH�PDGH�RI�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�WLGDO�%D\��LW�LV�QRW�FXUUHQWO\�NQRZQ�LI�WKH
RYHU�ODQG�PHDVXUHPHQWV�RI�ZHW�GHSRVLWLRQ�DFFXUDWHO\�UHSUHVHQW�RYHU�ZDWHU�ZHW�GHSRVLWLRQ���7R
LQYHVWLJDWH�WKLV�TXHVWLRQ��D�GDLO\�SUHFLSLWDWLRQ�FKHPLVWU\�VLWH�ZDV�HVWDEOLVKHG�RQ�6PLWK�,VODQG�
0DU\ODQG��LQ�ODWH��������7KLV�VLWH�LV�SURYLGLQJ�WKH�ILUVW�WLPH�VHULHV�PHDVXUHPHQWV�RI�RYHU�ZDWHU
ZHW�GHSRVLWLRQ�FROOHFWHG�RQ�WKH�HDVW�FRDVW�

$OWKRXJK�WKH�GU\�GHSRVLWLRQ�WR�VXUIDFH�ZDWHU�ORDGLQJ�UDWHV�RI�QLWURJHQ�FRPSRXQGV�KDYH
EHHQ�HVWLPDWHG�IRU�PRVW�QLWURJHQ�VSHFLHV�RYHU�RSHQ�RFHDQ��*DOORZD\�������'XFH�HW�DO���������WKHVH
UDWHV�PD\�QRW�DSSO\�WR�FRDVWDO�DUHDV�EHFDXVH�RI�WKH�GLIIHUHQW�PHWHRURORJLFDO�SURFHVVHV�LQYROYHG��
7KURXJK�WKH�XVH�RI�LQVWUXPHQWHG�&KHVDSHDNH�%D\�2EVHUYLQJ�6\VWHP��&%26��EXR\V�RZQHG�E\�WKH
8QLYHUVLW\�RI�0DU\ODQG��HVWLPDWHV�RI�QLWURJHQ��+12 ��12 ��1+ ��GU\�GHSRVLWLRQ�UDWHV�WR�WKH�%D\� � � � �

WLGDO�VXUIDFH�ZDWHUV�KDYH�EHHQ�GHYHORSHG��9DOLJXUD���������7KHVH�HVWLPDWHV�FRUURERUDWH�WKRVH�JLYHQ
E\�RWKHU�LQYHVWLJDWRUV�WR�VRPH�H[WHQW��EXW�VWLOO�FRYHU�D�ZLGH�UDQJH�RI�YDOXHV��IURP�����WR�����PLOOLRQ
NLORJUDPV�RI�QLWUDWH�SHU�\HDU���)URP�WKLV�GDWD�VHW��FDOFXODWLRQV�ZHUH�SHUIRUPHG�WR�GHWHUPLQH�WKH
HIIHFW�RI�DWPRVSKHULF�GU\�GHSRVLWLRQ�RQ�SK\WRSODQNWRQ�G\QDPLFV���7KLV�DQDO\VLV�GHPRQVWUDWHG�WKDW
GU\�GHSRVLWHG�QLWURJHQ�PD\�SURYLGH����SHUFHQW�RI�WKH�DQQXDO��QHZ�QLWURJHQ��GHPDQGV�E\
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Characterization of Nitrogen Compounds

Most atmospheric nitrogen compounds (excluding N  and N O, which are relatively unreactive in the2  2

lower atmosphere) fall into two categories:  reactive nitrogen and reduced nitrogen.  In addition, some
organic nitrogen species arise in the atmosphere from the interaction between nitrogen oxides and certain
hydrocarbons.  The relative portions of the different nitrogen forms in nitrogen loadings can vary widely
based on source types and locations, proximity of sources to receiving waters, atmospheric transport, and
physical and chemical transformations.  Current estimates are that reactive nitrogen is the largest contributor
to atmospheric deposition in coastal waters (40 to 60 percent), with ammonia (20 to 40 percent) and organic
nitrogen (0 to 20 percent) also contributing significant amounts.

Reactive nitrogen compounds , primarily oxides of nitrogen, are emitted to the atmosphere through
both natural and anthropogenic pathways, overwhelmingly (95 percent) as nitric oxide (NO).  Natural NO
sources include emissions from soils and generation by lightning; dominant anthropogenic sources include
emissions from automobiles, power plants, and biomass burning.  The dominant source of reactive nitrogen
oxides present in air over North America is high-temperature combustion (e.g., power plants, automobiles). 
NO generated by combustion reacts quickly in the lower atmosphere, forming nitrogen dioxide (NO ).  The2

NO  is rapidly converted back to NO by ultraviolet light (photochemistry), then NO reacts again, resulting in a2

cycle driven by volatile organic compounds.  From this photochemical cycle, ozone (O ) is produced.  The3

cycle is broken when NO  terminates into stable products, principally nitric acid vapor (HNO ), and the NO2         3

gets used up.  The ozone issue is therefore intimately related to the NO  (defined as NO + NO ) question. x     2

NO  slowly deposits to the underlying surface (too slowly to break the cycle), but nitric acid vapor (HNO ) is2                 3

easily and quickly deposited.  HNO  is the source of most of the reactive nitrogen deposited to the earth's3

surface.

Reduced nitrogen compounds  include ammonia (NH ) and ammonium (NH ).  NH  is emitted into the3    4   3
+

atmosphere through both natural and anthropogenic pathways.  Natural sources of NH  include microbial3

decomposition of organic nitrogen compounds in soils and ocean waters and volatilization from animal and
human wastes.  Anthropogenic sources include the manufacture and release of commercial and organic
fertilizers during and after application and fossil fuel combustion.  Human activities such as manure
management and biomass burning exacerbate emissions from otherwise natural processes.  NH  is a highly3

reactive compound and has a short residence time in the atmosphere.  It is primarily emitted at ground level
and quickly deposits to the area near its source unless it reacts with other gaseous chemicals (e.g., SO ,2
HNO ) and is converted to NH  aerosol (Asman 1994; Langland 1992).  NH  can be transferred regionally3      4        4

+       +

as ammonium salts, such as ammonium nitrate NH NO  and ammonium sulfate (NH ) SO , and these salts4 3    4 2 4

are the primary contributor to NH  concentrations measured in precipitation.  Scavenging of NH  by4         3
+

precipitation can also be a major source of NH  in precipitation.4
+

Organic nitrogen  may be a significant fraction of the total nitrogen measured in precipitation (Cornell et
al. 1995; Gorzelska et al. 1997; Milne and Zika 1993).  Data on the deposition of organic nitrogen has been
limited, however, because of the paucity of reliable measurements, the historical variability in analytical
techniques and results, and the current lack of suitable and uniform analytical measurement techniques.  In
fact, only wet deposition of dissolved organic nitrogen (DON) has been addressed.  Various estimates for the
relative flux of organic versus total nitrogen via wet deposition range from less than 10 percent to greater
than 60 percent.  The contribution of the unresolved organic fraction may significantly augment the
atmospheric deposition of nitrogen to coastal waters.  However, in addition to the lack of dry deposition data,
there remain many conceptual questions related to source identification and the bioavailability of
atmospheric organic nitrogen.

Sources:  Luke and Valigura 1997; Paerl et al. 1997; Valigura et al. 1996.

SK\WRSODQNWRQ�LQ�&KHVDSHDNH�%D\��DQG�WKDW�LQGLYLGXDO�HYHQWV�FRXOG�VXSSO\�XS�WR����SHUFHQW�RI�WKH
QHZ�GHPDQGV�IRU�SHULRGV�RI�VHYHUDO�GD\V��0DORQH�������2ZHQV�HW�DO��������
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,QGLUHFW�/RDGLQJV���4XDQWLI\LQJ�LQGLUHFW�ORDGLQJV�RI�QLWURJHQ�WR�&KHVDSHDNH�%D\��ZKLFK
UHIHUV�WR�WKH�DWPRVSKHULF�GHSRVLWLRQ�RI�QLWURJHQ�WR�WKH�WHUUHVWULDO�ZDWHUVKHG�DQG�VXEVHTXHQW
WUDQVSRUW�RI�WKH�QLWURJHQ�IURP�WKH�WHUUHVWULDO�ZDWHUVKHG�WR�%D\�VXUIDFH�ZDWHUV��LV�DQ�LPSRUWDQW
FRPSRQHQW�RI�WKH�HVWLPDWH�RI�WRWDO�DWPRVSKHULF�GHSRVLWLRQ�RI�QLWURJHQ�WR�WKH�%D\��\HW�LW�LV�ODUJHO\
XQFHUWDLQ���1$'3�PRQLWRULQJ�GDWD�SURYLGH�DQ�LQLWLDO�HVWLPDWH�RI�WKH�DWPRVSKHULF�GHSRVLWLRQ�WR
WKH�&KHVDSHDNH�%D\�ZDWHUVKHG���*HQHUDOO\��KLJKHU�GHSRVLWLRQ�OHYHOV�DUH�IRXQG�LQ�WKH�QRUWKHUQ
SRUWLRQV�RI�WKH�EDVLQ���,Q�IDFW��VRPH�RI�WKH�KLJKHVW�UHDGLQJV�IRU�DWPRVSKHULF�GHSRVLWLRQ�RI�QLWUDWH
LQ�WKH�1$'3�PRQLWRULQJ�QHWZRUN�FRPH�IURP�WKH�QRUWKHUQ�VHFWLRQV�RI�WKH�&KHVDSHDNH�EDVLQ��
*UHDWHVW�XQFHUWDLQW\�LV�LQ�GU\�GHSRVLWLRQ�RI�QLWURJHQ��ZKLFK�LV�QRW�URXWLQHO\�PHDVXUHG�E\�1$'3�

7KH�DPRXQW�RI�DWPRVSKHULF�QLWURJHQ�WUDQVIHUUHG�WR�VXUIDFH�ZDWHUV�ZLWKLQ�D�JLYHQ
ZDWHUVKHG�GHSHQGV�RQ�ODQG�XVH��WRWDO�QLWURJHQ�ORDGLQJ�IURP�DWPRVSKHULF��IHUWLOL]HU��DQLPDO
ZDVWH��DQG�ELRVROLG�VRXUFHV��WKH�DPRXQW�RI�VRLO�QLWURJHQ��FKDUDFWHULVWLFV�RI�WKH�VRLO��VLWH�UDLQIDOO
DQG�WHPSHUDWXUH��WKH�HOHYDWLRQ�DQG�VORSH�RI�WKH�ODQG��DQG�WKH�W\SH��DJH��DQG�KHDOWK�RI�WKH
YHJHWDWLYH�FRYHU���7KHVH�FKDUDFWHULVWLFV�YDU\�LQGHSHQGHQWO\��PDNLQJ�LW�GLIILFXOW�WR�GHWHUPLQH�WKH
IDWH�RI�DWPRVSKHULFDOO\�GHSRVLWHG�QLWURJHQ�RYHU�DQ\�DUHD�RI�VLJQLILFDQW�VL]H���+RZHYHU��VHYHUDO
FODVVLILFDWLRQ�VFKHPHV�IRU�IRUHVWHG�VLWHV�KDYH�EHHQ�GHYHORSHG�WR�HYDOXDWH�D�VLWH
V�SRWHQWLDO�WR
UHWDLQ�DQG�OHDFK�QLWURJHQ��0HOLOOR�HW�DO��������-RKQVRQ�DQG�/LQGEHUJ�������6WRGGDUG���������

2QH�FODVVLILFDWLRQ�VFKHPH�LQ�SDUWLFXODU�KDV�KHOSHG�RUJDQL]H�WKLQNLQJ�DERXW�QLWURJHQ
UHWHQWLRQ�E\�FODVVLI\LQJ�IRUHVW�V\VWHPV�EDVHG�RQ�VWDJHV�RI�QLWURJHQ�VDWXUDWLRQ��L�H���WKH�H[WHQW�WR
ZKLFK�WKH�V\VWHP�LV�VDWXUDWHG�ZLWK�QLWURJHQ��WKH�PRUH�VDWXUDWHG�D�V\VWHP��WKH�PRUH�OLNHO\�WR
OHDFK�QLWURJHQ���6WRGGDUG���������7KH�FODVVLILFDWLRQV�UDQJH�IURP�6WDJH����ZKHUH�IRUHVW�QLWURJHQ
WUDQVIRUPDWLRQV�DUH�GRPLQDWHG�E\�SODQW�DQG�PLFURELDO�DVVLPLODWLRQ��XSWDNH��ZLWK�OLWWOH�RU�QR�12�

H[SRUW�IURP�WKH�ZDWHUVKHG�GXULQJ�WKH�JURZLQJ�VHDVRQ��WR�6WDJH����ZKHUH�QLWURJHQ�GHSRVLWLRQ�LV
ZHOO�LQ�H[FHVV�RI�DVVLPLODWLRQ�DQG�KDV�UHGXFHG�SODQW�DQG�PLFURELDO�DVVLPLODWLRQ�FDSDFLWLHV
UHVXOWLQJ�LQ�JUHDWHU�H[SRUW�RI�DWPRVSKHULF�QLWURJHQ�DV�ZHOO�DV�ORVVHV�IURP�PLQHUDOL]DWLRQ�RI�VRLO
RUJDQLF�QLWURJHQ���6WXG\�VLWHV�LQ�WKH�VRXWKHUQ�SRUWLRQV�RI�WKH�&KHVDSHDNH�%D\�ZDWHUVKHG
JHQHUDOO\�IDOO�LQWR�WKH�ORZ�QLWUDWH�H[SRUW�FODVVLILFDWLRQ��6WDJHV�������ZKLOH�WKH�QRUWKHUQ�SRUWLRQV
KDYH�JHQHUDOO\�KLJK�WR�PHGLXP�H[SRUW�FODVVLILFDWLRQV��6WDJHV������

7RWDO�/RDGLQJV�(VWLPDWHV�8VLQJ�$�0DVV�%DODQFH�$SSURDFK ���7KH�UROH�RI�DWPRVSKHULF
WUDQVSRUW�DV�DQ�LPSRUWDQW�SDWK�IRU�QLWURJHQ�GHSRVLWLRQ�WR�HVWXDULQH�DUHDV�ZDV�ILUVW�SXEOLFL]HG�LQ
������)LVKHU�HW�DO����������%DVHG�RQ�D�PDVV�EDODQFH�DQDO\VLV�XVLQJ������K\GURORJ\�GDWD��WKH�DXWKRUV
HVWLPDWHG�WKDW�RQH�WKLUG�RI�WKH�QLWURJHQ�HQWHULQJ�WKH�&KHVDSHDNH�%D\�LV�GHSRVLWHG�IURP�WKH
DWPRVSKHUH���6HYHUDO�VXEVHTXHQW�HIIRUWV��)LVKHU�DQG�2SSHQKHLPHU�������+LQJD�HW�DO��������7\OHU
������WR�TXDQWLI\�DWPRVSKHULF�QLWURJHQ�ORDGLQJV�WR�&KHVDSHDNH�%D\�SURGXFHG��EHVW�HVWLPDWH
ORDGLQJV��UDQJLQJ�IURP����SHUFHQW��)LVKHU�DQG�2SSHQKHLPHU�������WR�DERXW����SHUFHQW��+LQJD�HW
DO��������RI�WKH�WRWDO�QLWURJHQ�ORDGV�WR�WKH�&KHVDSHDNH����$�GLVFXVVLRQ�RI�WKH�XQFHUWDLQWLHV�LQ�D
PDVV�EDODQFH�DSSURDFK�IURP�RQH�RI�WKHVH�VWXGLHV�LV�SUHVHQWHG�LQ�WKH�VLGHEDU�RQ�WKH�QH[W�SDJH��

7KH�DSSURDFK�WDNHQ�LQ�WKHVH�PDVV�EDODQFH�VWXGLHV�FDQ�EH�GLYLGHG�LQWR�WZR�FRPSRQHQWV��
����HVWLPDWLQJ�ZHW�DQG�GU\�GHSRVLWLRQ��DQG�����HVWLPDWLQJ�QLWURJHQ�UHWHQWLRQ���$�FHQWUDO�GLIILFXOW\
LQ�PDVV�EDODQFH�VWXGLHV�LV�WKH�XVH�RI�DYHUDJH�ODQG�XVH�YDOXHV�RI�QLWURJHQ�UHWHQWLRQ���1LWURJHQ
UHWHQWLRQ�DVVXPSWLRQV�XVHG�LQ�WKUHH�RI�WKH�&KHVDSHDNH�%D\�VWXGLHV�DUH�SUHVHQWHG�LQ�7DEOH�,9���
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Inherent Uncertainties in
Mass Balance Approach

"It would not be difficult to make the [mass balance]
calculations appear more elegant by subdividing the
watersheds into more land use types, using a detailed
data base of land uses, assembling more detailed lists
of point source and agricultural inputs, and using some
technique for contouring deposition over the
watershed.  None of these approaches are likely to
make better calculations.  More precise and reliable
estimates of the magnitudes of inputs of
atmospherically-deposited nitrogen to coastal waters
will require significant advances in the understanding
of many processes responsible for the behavior of
nitrogen in terrestrial ecosystems and in rivers and
streams."

Source:  Hinga et al. 1991.

TABLE IV-8
Nitrogen Retention Assumptions Used in Chesapeake Bay Loading Studies

(as a percentage of nitrogen loading)

Land Use Tyler 1988 Oppenheimer 1991  Hinga et al. 1991
Fisher and

a a

Forest 95.2-100.0 80.0 (51.0-100.0) 80.0 (25.0-95.0)

Pasture 93.7-99.96 70.0 (51.0-90.0) 80.0 (25.0-95.0)

Cropland 76.0-99.97 70.0 60.0 (45.0-75.0)

Residential 62.0-95.3 35.0 (0.0-70.0) 25.0 (10.0-50.0)

 Numbers in parentheses indicate range tested.a

$VVHPEOLQJ�DQ�DGHTXDWH�XQGHUVWDQGLQJ�RI�ORQJ�WHUP�EHKDYLRU�ZKHQ�WKH�SURFHVVHV
LQYROYHG�DUH�IXQGDPHQWDOO\�HSLVRGLF�LV�DQRWKHU�PDMRU�FKDOOHQJH�RI�FRQWHPSRUDU\�PRGHOV���6RPH
VWXGLHV�LQGLFDWH�WKDW�WKH�PDMRULW\�RI�WKH�DWPRVSKHULF�ZHW�GHSRVLWLRQ�RFFXUV�GXULQJ�D�IHZ
HSLVRGHV��'DQD�DQG�6OLQQ�������)RZOHU�DQG�&DSH��������VXFK�WKDW�WKH�ZHW�GHSRVLWHG�QLWURJHQ��DV
ZHOO�DV�SUHYLRXVO\�GU\�GHSRVLWHG�QLWURJHQ��LV�GHSRVLWHG�GLUHFWO\�WR��RU�IORZV�TXLFNO\�LQWR��WKH
VXUIDFH�ZDWHUV�ZLWKRXW�LQWHUPHGLDWH�UHGXFWLRQ�LQ�FRQFHQWUDWLRQ���'HVSLWH�WKHVH�GLIILFXOWLHV��PDVV
EDODQFH�VWXGLHV�SURYLGH�D�JRRG�ILUVW�RUGHU�HVWLPDWH�RI�QLWURJHQ�ORDGLQJ�WR�&KHVDSHDNH�%D\�

([SHULPHQWDO�PDQLSXODWLRQ�DW�WKH
ZDWHUVKHG�VFDOH�LV�EHLQJ�FRQGXFWHG�DW�D
IHZ�8�6��ORFDWLRQV��.DKO�HW�DO�������
1RUWRQ�HW�DO����������:RUN�IURP�WKHVH�VLWHV
LV�SURYLGLQJ�LQIRUPDWLRQ�RQ�WKH�F\FOLQJ�RI
QLWURJHQ�LQ�IRUHVWHG�FDWFKPHQWV�DQG�LV
IXOO\�VXSSRUWLYH�RI�WKH�FRQFOXVLRQ�WKDW
DWPRVSKHULF�GHSRVLWLRQ�FRQWULEXWHV�WR
QLWURJHQ�ORDGLQJ�RI�FRDVWDO�ZDWHUV
WKURXJK�WKH�H[SRUW�RI�DWPRVSKHULFDOO\
GHULYHG�QLWURJHQ���5HVXOWV�RI�WKHVH�ORQJ�
WHUP�H[SHULPHQWV�DUH�MXVW�EHJLQQLQJ�WR�EH
SXEOLVKHG���$Q�H[DPSOH�LV�WKH�%HDU�%URRN
ZDWHUVKHG�LQ�0DLQH���'LYLGHG�LQWR
WUHDWPHQW�DQG�FRQWURO�FDWFKPHQWV��WKH
WUHDWHG�FDWFKPHQW�UHFHLYHG�LQFUHDVHG
QLWURJHQ�ORDGLQJ�LQ�WKH�IRUP�RI�ODEHOHG
DPPRQLD���7KH�WUHDWHG�ZDWHUVKHG
UHVSRQVH�ZDV�DQ�LPPHGLDWH�LQFUHDVH�LQ
VWUHDP�QLWUDWH�H[SRUW��1RUWRQ�HW�DO��������8GGDPHUL�HW�DO��������

7RWDO�/RDGLQJV�(VWLPDWHV�8VLQJ�WKH�&KHVDSHDNH�:DWHUVKHG�DQG�(VWXDU\�0RGHOV ���7KH
&KHVDSHDNH�:DWHUVKHG�0RGHO��GLVFXVVHG�LQ�PRUH�GHWDLO�EHORZ��LV�RQH�DSSURDFK�WR
GLVDJJUHJDWLQJ�WKH�VHSDUDWH�FRPSRQHQWV�RI�WHUUHVWULDO�DQG�ULYHU�QLWURJHQ�G\QDPLFV�LQ�WKH�EDVLQ�
DORQJ�ZLWK�WKH�WHPSRUDO�HIIHFWV�RI�KLJK�ORDGLQJ�GXULQJ�UDLQIDOO�HYHQWV���7KH�HVWLPDWH�RI
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DWPRVSKHULF�QLWURJHQ�ORDGV�IRU�ERWK�GLUHFW�DQG�LQGLUHFW�GHSRVLWLRQ�LV����SHUFHQW�RI�WKH�DQQXDO
QLWURJHQ�ORDG�GHOLYHUHG�WR�WKH�&KHVDSHDNH�%D\���7KLV�HVWLPDWH�ZDV�GHYHORSHG�XVLQJ�WKH�����
:DWHUVKHG�0RGHO��/LQNHU�HW�DO��������DQG�LV�FRQVLVWHQW�ZLWK�WKH�UDQJH�UHSRUWHG�E\�&KHVDSHDNH
%D\�PDVV�EDODQFH�VWXGLHV��L�H������WR����SHUFHQW����)XUWKHU�UHILQHPHQWV�DUH�EHLQJ�PDGH�WR�WKH
:DWHUVKHG�0RGHO�DQG�DQ�XSGDWH�RI�WKH�HVWLPDWH�RI�DWPRVSKHULF�GHSRVLWLRQ�LV�H[SHFWHG�E\
6HSWHPEHU������

7R�HVWLPDWH�ZHW�GHSRVLWLRQ��WKH�&KHVDSHDNH�%D\�3URJUDP�FRPELQHG�RXWSXW�IURP�D
UHJUHVVLRQ�PRGHO�GHYHORSHG�IURP�1$'3�ZHHNO\�DQG�GDLO\�SUHFLSLWDWLRQ�FKHPLVWU\
PHDVXUHPHQWV�ZLWK�GDWD�IURP�WKH�12$$�UDLQIDOO�QHWZRUN���7KLV�DSSURDFK�\LHOGV�GDLO\�HVWLPDWHV
RI�UDLQIDOO�WR����VXE�EDVLQV�RI�WKH�&KHVDSHDNH�%D\�ZDWHUVKHG���'U\�GHSRVLWLRQ�ZDV�DVVXPHG�WR�EH
HTXDO�WR�ZHW�GHSRVLWLRQ�IRU�RYHU�ODQG�DUHDV�DQG����SHUFHQW�RI�ZHW�GHSRVLWLRQ�IRU�RYHU�ZDWHU
DUHDV���,QGLUHFW�DWPRVSKHULF�ORDGLQJV�IURP�WKH�RYHU�ODQG�SRUWLRQ�RI�WKH�ZDWHUVKHG�ZHUH
HVWLPDWHG�XVLQJ�WKH�&KHVDSHDNH�%D\�3URJUDP�:DWHUVKHG�0RGHO�

7KH�HVWLPDWH�RI�D����SHUFHQW�FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�WR�WRWDO�QLWURJHQ
ORDGLQJV�WR�WKH�&KHVDSHDNH�%D\�IDOOV�ZLWKLQ�WKH�UDQJH�UHSRUWHG�IRU�RWKHU�PDMRU�HDVWHUQ�DQG�*XOI
FRDVW�HVWXDULHV��ZKLFK�DUH�GLVFXVVHG�LQ�6HFWLRQ�,9�'�DQG�VXPPDUL]HG�LQ�7DEOH�,9����LQ�WKDW
VHFWLRQ�

02'(/,1*�7+(�&+(6$3($.(�%$<
6�:$7(56+('�$1'�(678$5<

:DWHU�TXDOLW\�PRGHOV�RI�WKH�&KHVDSHDNH�%D\
V�ZDWHUVKHG�DQG�HVWXDU\�KDYH�EHHQ�LQ�XVH
VLQFH�WKH�PLG�����V��&%3�������'RQLJLDQ�HW�DO��������+DUWLJDQ�������7KRPDQQ�HW�DO����������7KH
�����%D\�$JUHHPHQW
V����SHUFHQW�QXWULHQW�UHGXFWLRQ�JRDO�ZDV�EDVHG��LQ�ODUJH�SDUW��RQ�ILQGLQJV
IURP�WKHVH�PRGHOV�

7KH�ILUVW�PRGHO�RI�WKH�%D\�ZDWHUVKHG�ZDV�FRPSOHWHG�LQ������DQG�SURYLGHG�D�EDVLQ�E\�
EDVLQ�DVVHVVPHQW�RI�WKH�UHODWLYH�LPSRUWDQFH�RI�SRLQW�VRXUFH�DQG�QRQSRLQW�VRXUFH�FRQWUROV�RI
QXWULHQWV��193'&���������6XEVHTXHQW�UHILQHPHQWV�RI�WKH�:DWHUVKHG�0RGHO�HVWDEOLVKHG�WKH
LPSRUWDQFH�RI�DQLPDO�ZDVWH�PDQDJHPHQW�LQ�WKH�ZDWHUVKHG��'RQLJLDQ�HW�DO���������WKH�GHOLYHU\�WR
WKH�%D\�RI�DWPRVSKHULF�GHSRVLWLRQ�ORDGV�IURP�WKH�ZDWHUVKHG��'RQLJLDQ�HW�DO���������DQG�WKH
GHYHORSPHQW�RI�WULEXWDU\�DOORFDWLRQ�ORDGV�RI�QLWURJHQ�DQG�SKRVSKRUXV�WR�DFKLHYH�WKH����SHUFHQW
QXWULHQW�UHGXFWLRQ�JRDO��7KRPDQQ�HW�DO��������

,Q�D�SDUDOOHO�HIIRUW��WKH�ILUVW�PRGHO�RI�WKH�&KHVDSHDNH�HVWXDU\�ZDV�FRPSOHWHG�LQ������WR
HYDOXDWH�WKH�LPSDFW�RI�QXWULHQW�UHGXFWLRQ�VFHQDULRV�RQ�WKH�%D\
V�GLVVROYHG�R[\JHQ�FRQFHQWUDWLRQV
�&%3���������5HVXOWV�IURP�WKH�VWHDG\�VWDWH�(VWXDU\�0RGHO�LQGLFDWHG�WKDW�D����SHUFHQW�UHGXFWLRQ�LQ
QXWULHQW�ORDGV�ZRXOG�VLJQLILFDQWO\�UHGXFH�DQR[LD��GLVVROYHG�R[\JHQ�FRQFHQWUDWLRQV�OHVV�WKDQ��
PJ�/��LQ�WKH�%D\�PDLQVWHP�GXULQJ�DYHUDJH�VXPPHU��-XQH�6HSWHPEHU��FRQGLWLRQV��&%3��������
7KH����SHUFHQW�FRQWUROODEOH�QXWULHQW�UHGXFWLRQ�JRDO��XQGHU�WKH������%D\�$JUHHPHQW��ZDV�EDVHG�LQ
ODUJH�SDUW�RQ�WKHVH�ILQGLQJV�

$�UHHYDOXDWLRQ�RI�WKH�%D\
V�QXWULHQW�UHGXFWLRQ�JRDO�DQG�D�UHYLHZ�RI�WKH�SURJUHVV�PDGH�LQ
UHGXFLQJ�QXWULHQWV�ZDV�VFKHGXOHG�IRU��������,Q�DGYDQFH�RI�WKLV�UHHYDOXDWLRQ��UHVHDUFKHUV�EHJDQ
UHILQLQJ�DQG�LQWHJUDWLQJ�WKH�:DWHUVKHG�DQG�(VWXDU\�0RGHOV��)LJXUH�,9�������)RU�H[DPSOH��WKH
:DWHUVKHG�0RGHO�ZDV�XSGDWHG�ZLWK�JUHDWHU�GHWDLO�RI�DJULFXOWXUDO�DQG�DWPRVSKHULF�VRXUFHV�DQG
ZDV�OLQNHG�WR�WKH�(VWXDU\�0RGHO��'RQLJLDQ�HW�DO����������3URYLGLQJ�D�SUHGLFWLYH�IUDPHZRUN�IRU
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FIGURE IV-14
Watershed and Estuary Model Integration

FIGURE IV-15
Integrated Model Improvements

GHWHUPLQLQJ�QXWULHQW�ORDGV�GHOLYHU�
HG�WR�WKH�WLGDO�%D\�XQGHU�GLIIHUHQW
VRXUFH�UHGXFWLRQ�VFHQDULRV��WKH
:DWHUVKHG�0RGHO�VLPXODWHG
GHOLYHUHG�QXWULHQW�ORDGV�ZLWK
FKDQJHV�LQ�ODQG�XVH�SUDFWLFHV�DQG
OHYHOV�RI�ZDVWHZDWHU�WUHDWPHQW
�7KRPDQQ�HW�DO����������7KH�(VWXDU\
0RGHO�ZDV�XSJUDGHG�WR�DGG�D�VHG�
LPHQW�SURFHVVHV�PRGHO�DQG�D�K\�
GURG\QDPLF�PRGHO��DQG�ZDV�OLQNHG
ZLWK�WKH�:DWHUVKHG�0RGHO�WR
DFFHSW�:DWHUVKHG�0RGHO�QXWULHQW
ORDGV�DV�GDWD�LQSXW��&HUFR�DQG�&ROH
������'L7RUR�DQG�)LW]SDWULFN������
-RKQVRQ�HW�DO��������

7KH�LQWHJUDWHG�:DWHUVKHG
DQG�(VWXDU\�0RGHO�RI�WKH�&KHVDSHDNH�%D\�ZDV�XVHG�WR�HVWLPDWH�ZDWHU�TXDOLW\�LPSURYHPHQWV�WKDW
ZRXOG�EH�UHDOL]HG�XSRQ�UHDFKLQJ�WKH�%D\�$JUHHPHQW�JRDO�RI�UHGXFLQJ�FRQWUROODEOH�QXWULHQWV�E\
���SHUFHQW���7KURXJK�WKH�DSSOLFDWLRQ�RI�WKHVH�PRGHOV��WKH�%D\�3URJUDP�SDUWQHUV�HVWDEOLVKHG�WKH
%D\�$JUHHPHQW�WULEXWDU\�QXWULHQW�DOORFDWLRQV�RI�QLWURJHQ�DQG�SKRVSKRUXV�WR�EH�DFKLHYHG�E\�WKH
\HDU������DQG�PDLQWDLQHG�WKHUHDIWHU�

:KLOH�WKLV�LQLWLDO�LQWHJUDWHG
PRGHO��)LJXUH�,9�����FRXOG
VLPXODWH�WKH�HIIHFWV�RI�DWPRVSKHULF
QLWURJHQ�GHSRVLWLRQ�RQ�ZDWHU
TXDOLW\��LW�FRXOG�QRW�SURMHFW�WKH
XOWLPDWH�LQIOXHQFH�RI�FKDQJHV�LQ
WRWDO�QLWURJHQ�ORDGLQJV��L�H��
LQFOXGLQJ�ORDGLQJV�RWKHU�WKDQ�IURP
WKH�DLU��WR�WKH�%D\���7R�SURYLGH�IRU
WKLV�SUHGLFWLYH�FDSDFLW\��WKH
&KHVDSHDNH�%D\�3URJUDP�UHFHQWO\
FRQILJXUHG�WKH�%D\�:DWHUVKHG
0RGHO�WR�DFFHSW�GDLO\�DWPRVSKHULF
ORDGLQJV�E\�ODQG�XVH�FDWHJRU\��L�H��
IRUHVW��SDVWXUH��FURSODQG��DQG
XUEDQ���/LQNHU�DQG�7KRPDQQ��������
7KH�%D\�:DWHUVKHG�0RGHO�FDQ�QRZ
VLPXODWH�WKH�WUDQVSRUW�RI�LQFUHDVHG
RU�GHFUHDVHG�DWPRVSKHULF�ORDGLQJV�WR�WKH�%D\�WLGDO�ZDWHUV�DORQJ�ZLWK�QXWULHQWV�IURP�RWKHU�ODQG�
EDVHG�SRLQW�DQG�QRQSRLQW�VRXUFHV���7KH�(VWXDU\�0RGHO�LV�EHLQJ�XSJUDGHG�WR�VLPXODWH�EDVLF
HFRV\VWHP�SURFHVVHV�RI�VXEPHUJHG�DTXDWLF�YHJHWDWLRQ��6$9���EHQWKLF�PLFURRUJDQLVPV��DQG�PDMRU
]RRSODQNWRQ�JURXSV���,Q�DGGLWLRQ��(3$
V�5$'0�LV�EHLQJ�GLUHFWO\�OLQNHG�WR�WKH�:DWHUVKHG�DQG
(VWXDU\�PRGHOV���7KLV�QHZ�LQWHJUDWHG�PRGHO��IXQFWLRQDOO\�OLQNLQJ�WKH�DLUVKHG��ZDWHUVKHG�
HVWXDU\��DQG�HFRV\VWHP��LV�H[SHFWHG�WR�EH�FRPSOHWHG�LQ�PLG��������:LWK�WKHVH�UHILQHPHQWV��WKH
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LQWHJUDWHG�PRGHO��)LJXUH�,9�����ZLOO�VLPXODWH�DQG�HYDOXDWH�WKH�RYHUDOO�ORDGV�RI�FRQWUROODEOH�DQG
XQFRQWUROODEOH�QLWURJHQ�IURP�WKH�VXUURXQGLQJ�DLUVKHG�DQG�ZDWHUVKHG��DQG�WKH�LPSDFW�RI�WKHVH
ORDGV�RQ�WKH�HFRV\VWHP���7KLV�PRGHO�ZLOO�EH�RQH�RI�WKH�WRROV�XVHG�E\�&KHVDSHDNH�%D\�3URJUDP
VWDWH�DQG�IHGHUDO�PDQDJHUV�WR�IRUPXODWH�DGGLWLRQDO�QLWURJHQ�UHGXFWLRQ�VWHSV�QHHGHG�WR�DFKLHYH
WKH����SHUFHQW�UHGXFWLRQ�JRDO�DQG�PDLQWDLQ�WKH�FDS�RQ�QXWULHQW�ORDGLQJV�DIWHU�WKH�\HDU�������

:$7(5�48$/,7<�%(1(),76�)520�5('8&,1*�1,752*(1�(0,66,216

8VLQJ�WKH�:DWHUVKHG�0RGHO��VHYHUDO�VFHQDULRV�ZHUH�GHYHORSHG�WR�H[DPLQH�WKH�HIIHFWLYH�
QHVV�RI�DLU�HPLVVLRQ�FRQWUROV�FRPSDUHG�WR�WUDGLWLRQDO�SRLQW�VRXUFH�DQG�QRQSRLQW�VRXUFH�FRQWUROV
RQ�WKH�GHOLYHU\�RI�QXWULHQW�ORDGV�WR�WKH�&KHVDSHDNH�%D\���7KH�:DWHUVKHG�0RGHO�VFHQDULRV�ZHUH�

® %DVH�&DVH�6FHQDULR���7KLV�VFHQDULR�UHSUHVHQWV�WKH�EDVH�\HDU������ORDGV�WR�WKH�&KHVDSHDNH
%D\�

® %D\�$JUHHPHQW�6FHQDULR���7KLV�VFHQDULR�UHSUHVHQWV�WKH����SHUFHQW�FRQWUROODEOH�QXWULHQW�ORDG
UHGXFWLRQ�WR�EH�DFKLHYHG�E\�WKH�\HDU�������DV�GLVFXVVHG�XQGHU�1XWULHQW�5HGXFWLRQ
6WUDWHJ\�LQ�WKLV�VHFWLRQ����

® %D\�$JUHHPHQW�SOXV�&$$�6FHQDULR���7KH�VFHQDULR�UHSUHVHQWV�WKH�FRQWUROV�RQ�SRLQW�DQG
QRQSRLQW�VRXUFH�ORDGV�WKURXJK�WKH�%D\�$JUHHPHQW��SOXV�WKH�DWPRVSKHULF�ORDG�UHGXFWLRQV
H[SHFWHG�XQGHU�IXOO�LPSOHPHQWDWLRQ�RI�WKH�&$$�WLWOHV�,��UHGXFWLRQV�LQ�JURXQG�OHYHO
R]RQH���,,��PRELOH�VRXUFHV���DQG�,9��XWLOLW\�VRXUFHV����

® %D\�$JUHHPHQW�SOXV�2]RQH�7UDQVSRUW�&RPPLVVLRQ��27&��6FHQDULR���7KH�VFHQDULR�HYDOXDWHV
UHGXFWLRQV�IURP�WKH�FRQWUROV�RQ�SRLQW�DQG�QRQSRLQW�VRXUFH�ORDGV�WKURXJK�WKH�%D\
$JUHHPHQW��SOXV�WKH�HIIHFWV�RI�LPSOHPHQWDWLRQ�RI�&$$�WLWOHV�,��,,�DQG�,9��DV�ZHOO�DV
DGGLWLRQDO�QLWURJHQ�UHGXFWLRQV�WR�UHGXFH�JURXQG�OHYHO�R]RQH�LQ�WKH�PLG�$WODQWLF�DQG�1HZ
(QJODQG�PHWURSROLWDQ�UHJLRQV�DV�FDOOHG�IRU�E\�WKH�2]RQH�7UDQVSRUW�&RPPLVVLRQ�

® /LPLW�RI�7HFKQRORJ\�6FHQDULR���7KLV�VFHQDULR�HVWLPDWHV�WKH�QXWULHQW�UHGXFWLRQV�WKDW�PD\�EH
UHDOL]HG�XVLQJ�WKH�FXUUHQW�SUDFWLFDO�OLPLW�RI�SRLQW�DQG�QRQSRLQW�VRXUFH�FRQWURO
WHFKQRORJLHV��LQFOXGLQJ�FRQVHUYDWLRQ�WLOODJH�IRU�DOO�FURSODQG�LPSOHPHQWHG��WKH
&RQVHUYDWLRQ�5HVHUYH�SURJUDP�IXOO\�LPSOHPHQWHG��QXWULHQW�PDQDJHPHQW��DQLPDO�ZDVWH
FRQWUROV��DQG�SDVWXUH�VWDELOL]DWLRQ�V\VWHPV�LPSOHPHQWHG�ZKHUH�QHHGHG��D����SHUFHQW
UHGXFWLRQ�LQ�XUEDQ�ORDGV��DQG�SRLQW�VRXUFH�HIIOXHQW�FRQWUROOHG�WR�D�OHYHO�RI�������PJ�/
WRWDO�SKRVSKRUXV�DQG�����PJ�/�WRWDO�QLWURJHQ���7KLV�VFHQDULR�LV�VLJQLILFDQW�EHFDXVH�LW
GHWHUPLQHV�WKH�OLPLW�RI�FXUUHQWO\�IHDVLEOH�FRQWURO�PHDVXUHV�

® 1R�$FWLRQ�6FHQDULR���7KLV�VFHQDULR�UHSUHVHQWV�ORDGV�WKDW�ZRXOG�RFFXU�LQ�WKH�\HDU������JLYHQ
SRSXODWLRQ�JURZWK�DQG�SURMHFWHG�FKDQJHV�LQ�ODQG�XVH���7KH�FRQWUROV�LQ�SODFH�LQ������ZHUH
DSSOLHG�WR�WKH�\HDU������SRLQW�VRXUFH�IORZV�DQG�ODQG�XVH��UHSUHVHQWLQJ�WKH�ORDGLQJ
FRQGLWLRQV�ZLWKRXW�WKH�QXWULHQW�UHGXFWLRQV�VWLSXODWHG�LQ�WKH�%D\�$JUHHPHQW�

7KHVH�UHGXFWLRQ�VFHQDULRV�DUH�SDUW�RI�DQ�HIIRUW�WR�HYDOXDWH�RSWLRQV�IRU�DFKLHYLQJ�WKH���
SHUFHQW�QXWULHQW�UHGXFWLRQ�JRDO���/DQG�EDVHG�QRQSRLQW�VRXUFH�DQG�ZDVWHZDWHU�WUHDWPHQW�IDFLOLW\�
EDVHG�SRLQW�VRXUFH�UHGXFWLRQ�DFWLRQV��SODQQHG�IRU�LPSOHPHQWDWLRQ�LQ�PDQ\�&KHVDSHDNH�WULEXWDU\
ZDWHUVKHGV��DUH�DSSURDFKLQJ�WKH�OLPLWV�RI�WHFKQRORJ\���2SWLRQV�IRU�UHGXFWLRQV�LQ�DLU�HPLVVLRQV�DUH
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FIGURE IV-16
Reductions in Anoxia Under Nutrient Reduction Scenarios

EHLQJ�H[SORUHG�IRU�PDLQWDLQLQJ�WKH�WDUJHWHG����SHUFHQW�QXWULHQW�ORDGLQJV�FDS�EH\RQG�WKH�\HDU
�����LQ�WKH�IDFH�RI�D�JURZLQJ�SRSXODWLRQ�DQG�UHVXOWDQW�GHYHORSPHQW�LQ�WKH�ZDWHUVKHG���'LIIHUHQW
RSWLRQV�ZLOO�KDYH�GLIIHUHQW�FRVWV�DQG�HIIHFWLYHQHVV�ZLWK�UHJDUG�WR�ZDWHU�TXDOLW\�LPSURYHPHQWV�
DQG�D�UDQJH�RI�RSWLRQV�VKRXOG�EH�HYDOXDWHG�WR�ILQG�WKH�EHVW�DSSURDFK�

7KH�ZDWHU�TXDOLW\�LPSURYHPHQW�IURP�WKH�H[SHFWHG�UHGXFWLRQ�LQ�QLWURJHQ�HPLVVLRQV�XQGHU
HDFK�VFHQDULR�DUH�VKRZQ�LQ�)LJXUH�,9������7KH�LPSURYHPHQW�LQ�ZDWHU�TXDOLW\�UHIOHFWV�WKH
HVWLPDWHG�UHGXFWLRQV�LQ�%D\�ERWWRP�ZDWHUV�KDYLQJ�QR�GLVVROYHG�R[\JHQ��L�H���UHGXFWLRQ�LQ
&KHVDSHDNH�DQR[LD�RU��GHDG�ZDWHUV�����'HFUHDVHG�QLWURJHQ�ORDGLQJV�ZLOO�UHVXOW�LQ�GHFUHDVHG�ZDWHU
FROXPQ�QLWURJHQ�ZKLFK�ZLOO��LQ�WXUQ��GHFUHDVH�WKH�JURZWK�RI�DOJDH�DQG�LPSURYH�WKH�OHYHO�RI�OLJKW
SHQHWUDWLRQ�QHFHVVDU\�WR�VXSSRUW�WKH�FULWLFDOO\�LPSRUWDQW�6$9��%DWLXN�HW�DO��������'HQQLVRQ�HW�DO�
������7KRPDQQ�HW�DO��������

7KH�&$$�DQG�27&�VFHQDULRV�LQGLFDWH�WKDW�WKHVH�FRQWUROV�SURYLGH�IRU�QLWURJHQ�ORDGLQJ
UHGXFWLRQV�DQG�ZDWHU�TXDOLW\�LPSURYHPHQWV�DERYH�DQG�EH\RQG�WKRVH�SURYLGHG�E\�LPSOHPHQ�
WDWLRQ�RI�WKH�&KHVDSHDNH�%D\�$JUHHPHQW�FRPPLWPHQW�RI����SHUFHQW�UHGXFWLRQ�LQ�FRQWUROODEOH
QLWURJHQ���5HODWLYH�UHGXFWLRQV�IURP�FRQWUROV�RQ�VRXUFHV�RI�DWPRVSKHULF�GHSRVLWLRQ�YDU\�E\
WULEXWDU\�EDVLQ��ZLWK�WKH�PRUH�VHQVLWLYH�WULEXWDULHV�EHLQJ�WKH�6XVTXHKDQQD�DQG�WKH�3RWRPDF��
7KHVH�EDVLQV�UHFHLYH�WKH�KLJKHVW�GHSRVLWLRQ�ORDGV�LQ�WKH�&KHVDSHDNH�ZDWHUVKHG�DQG�DUH�DPRQJ
WKH�PRVW�UHVSRQVLYH�WR�UHGXFWLRQV�LQ�DWPRVSKHULF�GHSRVLWLRQ���

7KRXJK�WKH�GLIIHUHQFHV�EHWZHHQ�VFHQDULRV�LQ�SHUFHQW�UHGXFWLRQV�LQ�DQR[LD�PLJKW�VHHP
VPDOO��DLU�HPLVVLRQ�FRQWUROV�FRXOG�DFFRXQW�IRU�D�ILIWK�DQG�D�WKLUG�RI�WKH�ED\ZLGH�QLWURJHQ�ORDG
UHGXFWLRQ�JRDO�WKURXJK�&$$�LPSOHPHQWDWLRQ�DQG�27&�UHGXFWLRQV��UHVSHFWLYHO\���6XFK�UHGXFWLRQV
FRXOG�PDNH�DFKLHYLQJ�WKH����SHUFHQW�UHGXFWLRQ�WDUJHW�PRUH�IHDVLEOH��DQG�PDNH�PDLQWDLQLQJ�D�FDS
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RQ�DQ\�IXUWKHU�LQFUHDVHV�LQ�QXWULHQW�ORDGLQJV�EH\RQG������SRVVLEOH���7KHVH�DGGLWLRQDO�UHGXFWLRQV
DUH�HVSHFLDOO\�LPSRUWDQW�LQ�WKH�IDFH�RI�LQFUHDVLQJ�SRSXODWLRQ�DQG�ZDWHUVKHG�GHYHORSPHQW�WKDW
VWXGLHV�SUHGLFW�ZLOO�LQFUHDVH�WKH�VLJQLILFDQFH�RI�DWPRVSKHULF�GHSRVLWLRQ�DV�D�VRXUFH�RI�QLWURJHQ
ORDGLQJV�WR�WKH�&KHVDSHDNH�%D\�LQ�WKH�FRPLQJ�GHFDGHV��)LVKHU�HW�DO��������3HFKDQ�������

$5($6�2)�81&(57$,17<�$1'�:25.�81'(5:$<

1LWURJHQ�UHWHQWLRQ��WKH�UHODWLYH�ORDGLQJV�RI�DPPRQLD�DQG�RUJDQLF�QLWURJHQ��DQG�GU\
GHSRVLWLRQ�WR�ZDWHU�VXUIDFHV�DUH�D�IHZ�RI�WKH�UHPDLQLQJ�DUHDV�RI�VLJQLILFDQW�XQFHUWDLQW\�LQ
HVWLPDWLQJ�DWPRVSKHULF�QLWURJHQ�ORDGV���6HYHUDO�VSHFLILF�H[DPSOHV�RI�DUHDV�RI�XQFHUWDLQW\�DUH
GLVFXVVHG�EHORZ�

® 1LWURJHQ�UHWHQWLRQ�ZLWKLQ�ZDWHUVKHGV�PDNHV�D�ELJ�GLIIHUHQFH�LQ�WKH�SURSRUWLRQ�RI�WKH
DWPRVSKHULF�FRQWULEXWLRQ�WR�QLWURJHQ�ORDGLQJ�WR�WKH�%D\���'LIIHUHQW�UHWHQWLRQ�DVVXPSWLRQV
LQ�PDVV�EDODQFH�DQDO\VHV�OHDG�WR�DQ�XQFHUWDLQW\�LQ�WKH�HVWLPDWH�RI�WKLV�FRQWULEXWLRQ�E\
PRUH�WKDQ�D�IDFWRU�RI�WZR�

® $PPRQLD�DQG�RUJDQLF�QLWURJHQ�FRQWULEXWH�D�ODUJH�SRUWLRQ�RI�QLWURJHQ�GHSRVLWLRQ��SHUKDSV
PRUH�WKDQ����SHUFHQW�RI�WKH�WRWDO�DWPRVSKHULF�QLWURJHQ�ORDG���+RZHYHU��LW�LV�XQNQRZQ�WR
ZKDW�GHJUHH�WKHLU�VRXUFHV�DUH�FRQWUROODEOH��DQG�WKH\�PD\�EH�FKDQJLQJ�ZLWK�WLPH���)RU
H[DPSOH��DLUERUQH�DPPRQLD�HPLVVLRQV�IURP�DJULFXOWXUDO�DQLPDO�RSHUDWLRQV�FRXOG
LQFUHDVH�

® (VWLPDWHV�RI�WKH�UHODWLYH�FRQWULEXWLRQ�RI�GU\�GHSRVLWLRQ�WR�WKH�WRWDO�DWPRVSKHULF�GHSRVLWLRQ
ORDGLQJV�UDQJH�IURP����WR����SHUFHQW���'XFH�HW�DO��������/HY\�DQG�0R[LP�������/RJDQ
������/RYHWW�DQG�/LQGEHUJ�������6LURLV�DQG�%DUULH�������:DOFKHN�DQG�&KDQJ���������)DFHG
ZLWK�WKLV�ZLGH�UDQJH�RI�HVWLPDWHV��PDQ\�LQYHVWLJDWRUV�FKRRVH�WR�VHW�WKH�GU\�GHSRVLWLRQ
ORDGLQJ�HTXDO�WR�WKH�PHDVXUHG�ZHW�GHSRVLWLRQ�ORDGLQJ���7KLV�DVVXPSWLRQ�LV�NQRZQ�WR�EH
TXHVWLRQDEOH���:KLOH�VLWH�VSHFLILF�GDWD�WR�UHILQH�WKH�HVWLPDWH�DUH�ODFNLQJ��UHFHQW
HYDOXDWLRQV�LQGLFDWH�WKDW�GU\�GHSRVLWLRQ�WR�WLGDO�ZDWHU�VXUIDFHV�LV�DERXW����SHUFHQW�RI�ZHW
GHSRVLWLRQ�WR�WLGDO�ZDWHU�VXUIDFHV��/XNH�DQG�9DOLJXUD�������

® �����EDVHOLQH�HPLVVLRQ�HVWLPDWHV�FRQWLQXH�WR�EH�UHILQHG���(VWLPDWHV�RI�HPLVVLRQV�IURP�RII�
URDG�YHKLFOHV�KDYH�EHHQ�VLJQLILFDQWO\�LPSURYHG���6KLS�HPLVVLRQV�LQ�KDUERUV�DUH�VXVSHFWHG
WR�EH�VLJQLILFDQWO\�XQGHUHVWLPDWHG��%RR]�$OOHQ�	�+DPLOWRQ���������:KLOH�HPLVVLRQV�IURP
WKHVH�VRXUFHV�DUH�QRW�ODUJH�LQ�WKH�DJJUHJDWH��WKH\�RFFXU�FORVH�WR�WKH�%D\�WLGDO�VXUIDFH
ZDWHUV��DQG�WKXV�KDYH�DQ�LQIOXHQFH�JUHDWHU�WKDQ�WKHLU�QDWLRQDO�IUDFWLRQV�ZRXOG�LPSO\��
1LWURJHQ�HPLVVLRQV�IURP�RQ�URDG�YHKLFOHV�FRQWLQXH�WR�EH�D�VRXUFH�RI�XQFHUWDLQW\�

® 3DUWLFXODWH�QLWUDWH��ZKLFK�KDV�D�ORZ�GHSRVLWLRQ�YHORFLW\��DQG�QLWULF�DFLG��ZKLFK�KDV�D�KLJK
GHSRVLWLRQ�YHORFLW\��DUH�FXUUHQWO\�LQGLVWLQJXLVKDEOH�E\�5$'0��OHDGLQJ�WR�PRGHOLQJ
XQFHUWDLQW\�

® 7KH�FRQWULEXWLRQ�RI�DWPRVSKHULF�QLWURJHQ�GHSRVLWLRQ�WR�RIIVKRUH�RFHDQ�ZDWHUV�KDV�QRW�\HW
EHHQ�FKDUDFWHUL]HG���7KH�RFHDQ�ZDWHUV�H[FKDQJH�ZLWK�ZDWHUV�RI�WKH�&KHVDSHDNH�%D\�DQG
WKXV�PD\�EH�D�VRXUFH��RU�D�VLQN��RI�QLWURJHQ�ORDGV�WR�WKH�%D\�
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7R�UHGXFH�H[LVWLQJ�XQFHUWDLQWLHV�LQ�DWPRVSKHULF�ORDGLQJV�HVWLPDWHV��WKH�&KHVDSHDNH�%D\
3URJUDP�FRQYHQHG�D�ZRUNVKRS�LQ�-XQH�������LQYLWLQJ�VFLHQWLVWV�DQG�PDQDJHUV�ZLWK�H[SHUWLVH�DQG
H[SHULHQFH�LQ�XQGHUVWDQGLQJ�RU�PDQDJLQJ�DWPRVSKHULF�GHSRVLWLRQ���7KH�FKDOOHQJH�JLYHQ�WR
DWWHQGHHV�ZDV�WR�FRQVWUXFW�D�OLVW�RI�SUDFWLFDO�VWXGLHV�WKDW�ZRXOG�PDNH�WKH�JUHDWHVW�LPSDFW�RQ
UHGXFLQJ�WKH�FXUUHQW�XQFHUWDLQW\�LQ�HVWLPDWHV�RI�WKH�FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�WR
GHFOLQLQJ�DTXDWLF�HFRV\VWHP�KHDOWK���7KH�UHVXOWLQJ�OLVW��&%3�����D��LV�VXPPDUL]HG�EHORZ�

® 3ULRULW\�����&RQGXFW�LQWHQVLYH��FRRUGLQDWHG��DQG�LQWHJUDWHG�PRQLWRULQJ�VWXGLHV�DW�VSHFLDO
ORFDWLRQV�ZLWKLQ�WKH�ZDWHUVKHG�WKDW�FKDUDFWHUL]H�ZHW�GHSRVLWLRQ��GU\�GHSRVLWLRQ��DQG�ORFDO
FDWFKPHQW�DUHD�

® 3ULRULW\�����,PSURYH�H[LVWLQJ�DWPRVSKHULF�PRGHOV��H�J���UHGXFH�JULG�VL]H��DFFRXQW�IRU�WKH
HIIHFW�RI�PRXQWDLQV��

® 3ULRULW\�����,PSURYH�PRGHOV�RI�FKHPLFDO�UHWHQWLRQ�LQ�ZDWHUVKHGV�

® 3ULRULW\�����,PSURYH�HPLVVLRQV�LQYHQWRULHV�DQG�SURMHFWLRQV�

® 3ULRULW\�����&RQGXFW�PHDVXUHPHQWV�WR�H[WHQG�YHUWLFDO�DQG�VSDWLDO�PHWHRURORJLFDO�DQG
FKHPLFDO�FRQFHQWUDWLRQ�FRYHUDJH�LQ�PRGHOV�

® 3ULRULW\�����(VWDEOLVK�DQ�H[WHQVLYH�DUUD\�RI�OHVV�LQWHQVLYH�PHDVXUHPHQW�VWDWLRQV�WR�LPSURYH
VSDWLDO�UHVROXWLRQ�IRU�VHOHFWHG�YDULDEOHV�

7R�LPSURYH�WKH�FURVV�PHGLD�PRGHOLQJ�FDSDELOLWLHV�DQG�WR�UHGXFH�H[LVWLQJ�VRXUFHV�RI
XQFHUWDLQW\�LQ�DWPRVSKHULF�GHSRVLWLRQ�ORDGLQJV�HVWLPDWHV��WKH�IROORZLQJ�ZRUN�LV�XQGHUZD\
WKURXJK�FRRSHUDWLRQ�EHWZHHQ�(3$��VWDWH�DQG�IHGHUDO�DJHQFLHV��DQG�XQLYHUVLWLHV�

& 0HDVXULQJ�WKH�FRQFHQWUDWLRQ�RI�DWPRVSKHULF�RUJDQLF�QLWURJHQ�ZLWKLQ�WKH
&KHVDSHDNH�%D\�ZDWHUVKHG��

& 0HDVXULQJ�GU\�GHSRVLWLRQ�RI�QLWUDWH�WR�WLGDO�VXUIDFH�ZDWHUV�RI�WKH�%D\�

& ,QYHVWLJDWLQJ�WKH�DWPRVSKHULF�GHSRVLWLRQ�RI�GLVVROYHG�RUJDQLF�QLWURJHQ�DQG�LWV
LVRWRSLF�FRPSRVLWLRQ��GHOWD���� 1����

& /LQNLQJ�GDLO\�DWPRVSKHULF�GHSRVLWLRQ�DQG�UHVXOWDQW�QLWURJHQ�UXQRII�IURP�SDVWXUH�
IRUHVWHG��DQG�XUEDQ�ODQGV�ZLWKLQ�WKH�&KHVDSHDNH�%D\�:DWHUVKHG�0RGHO�

& 'HFUHDVLQJ�WKH�JULG�VL]H�RI�5$'0�DFURVV�WKH�%D\�ZDWHUVKHG�WR�LQFUHDVH�WKH�VSDWLDO
UHVROXWLRQ�DQG�LPSURYH�WKH�UHVXOWDQW�PRGHO�VFHQDULR�RXWSXW��DQG

& /LQNLQJ�5$'0�ZLWK�WKH�:DWHUVKHG��(VWXDU\��DQG�:DWHU�4XDOLW\�PRGHOV�
LQFOXGLQJ�VLPXODWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�WR�RIIVKRUH�RFHDQ�ZDWHUV�DQG
H[FKDQJH�RI�WKH�RFHDQ�ZDWHUV�ZLWK�&KHVDSHDNH�%D\�ZDWHUV�

7KH�UHVXOW�RI�WKLV�DQG�RWKHU�ZRUN�ZLOO�EHFRPH�SDUW�RI�WKH�LQWHJUDWHG�PRGHO�RI�WKH�%D\
V�DLUVKHG�
ZDWHUVKHG��HVWXDU\��DQG�HFRV\VWHP��GLVFXVVHG�DERYH���ZKLFK�LV�H[SHFWHG�WR�EH�FRPSOHWHG�LQ�HDUO\
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Chesapeake Bay Toxics of Concern

Toxics of Concern : atrazine, benz(a)anthracene, a

benzo(a)pyrene,  cadmium, chlordane, chromium,a

chrysene,  copper, fluoranthene,  lead, mercury,a  a

napthalene,  polychlorinated biphenyls (PCBs),a

and tributyltin.

Chemicals of Potential Concern : alachlor, aldrin,
arsenic, dieldrin, fenvalerate, metolachlor,
permethrin, toxaphene, and zinc.

 A polycyclic aromatic hydrocarbon (PAH).a

�������$�VHULHV�RI�PDQDJHPHQW�VFHQDULRV��VLPLODU�WR�WKH�PRGHOLQJ�VFHQDULRV�GLVFXVVHG�DERYH��DUH
DOVR�H[SHFWHG�WR�EH�FRPSOHWHG�LQ������WR�H[DPLQH�WKH�PRVW�IHDVLEOH�DQG�FRVW�HIIHFWLYH
FRPELQDWLRQ�RI�SRLQW�VRXUFH��QRQSRLQW�VRXUFH��DQG�DLU�GHSRVLWLRQ�UHGXFWLRQV�WR�PHHW�WKH
&KHVDSHDNH�%D\�$JUHHPHQW�FRPPLWPHQW�WR�FDS�QXWULHQW�ORDGLQJV�LQ������DW����SHUFHQW�RI�����
FRQWUROODEOH�EDVH�ORDGLQJV�DQG�WR�XOWLPDWHO\�UHVWRUH�WKH�ZDWHU�TXDOLW\�FRQGLWLRQV�QHFHVVDU\�WR
IXOO\�VXSSRUW�WKH�%D\
V�LQYDOXDEOH�OLYLQJ�UHVRXUFHV�

7R[LF�&RQWDPLQDQW�'HSRVLWLRQ�WR�WKH�&KHVDSHDNH�%D\

&+(6$3($.(�%$<�%$6,1:,'(�72;,&6�675$7(*<

7KH������&KHVDSHDNH�%D\�$JUHHPHQW�FRPPLWWHG�WKH�VLJQDWRULHV�WR��GHYHORS��DGRSW��DQG
EHJLQ�LPSOHPHQWDWLRQ�RI�D�EDVLQZLGH�VWUDWHJ\�WR�DFKLHYH�D�UHGXFWLRQ�RI�WR[LFV�FRQVLVWHQW�ZLWK�WKH
&OHDQ�:DWHU�$FW�RI�������ZKLFK�ZLOO�HQVXUH�SURWHFWLRQ�RI�KXPDQ�KHDOWK�DQG�OLYLQJ�UHVRXUFHV�
�&KHVDSHDNH�([HFXWLYH�&RXQFLO���������7KH�UHVXOWDQW�VWUDWHJ\��DGRSWHG�LQ�������LQLWLDWHG�D�PXOWL�
MXULVGLFWLRQDO�HIIRUW�WR�PRUH�DFFXUDWHO\�GHILQH�WKH�QDWXUH��H[WHQW��DQG�PDJQLWXGH�RI�&KHVDSHDNH
%D\�FKHPLFDO�FRQWDPLQDQW�SUREOHPV�DQG�WR�LQLWLDWH�VSHFLILF�FKHPLFDO�FRQWDPLQDQW�UHGXFWLRQ�DQG
SUHYHQWLRQ�DFWLRQV��&KHVDSHDNH�([HFXWLYH�&RXQFLO���������%XLOGLQJ�RQ�D�WZR�\HDU�UHHYDOXDWLRQ�RI
WKH�VWUDWHJ\�DQG�LQFUHDVHG�XQGHUVWDQGLQJ�RI�WKH�QDWXUH�RI�WKH�%D\
V�WR[LFV�SUREOHPV��D�UHYLVHG�
IDUWKHU�UHDFKLQJ�VWUDWHJ\�ZDV�DGRSWHG�LQ��������7KH������&KHVDSHDNH�%D\�%DVLQZLGH�7R[LFV
5HGXFWLRQ�DQG�3UHYHQWLRQ�6WUDWHJ\�UHFRJQL]HG�WKH�FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�DV�D
VLJQLILFDQW�VRXUFH�RI�FKHPLFDO�FRQWDPLQDQW�ORDGLQJV�WR�WKH�%D\���:LWKLQ�WKH�EDVLQZLGH�VWUDWHJ\�
WKH�VLJQDWRULHV�FRPPLWWHG�WR�HVWDEOLVKLQJ�D�PRUH�FRPSUHKHQVLYH�ORDGLQJV�EDVHOLQH�DQG�VHWWLQJ�DQ
DWPRVSKHULF�GHSRVLWLRQ�ORDGLQJ�UHGXFWLRQ�WDUJHW�WR�EH�DFKLHYHG�RYHU�WKH�QH[W�GHFDGH��&KHVDSHDNH
([HFXWLYH�&RXQFLO�������

,Q�������WKH�&KHVDSHDNH�%D\�3URJUDP�DGRSWHG�LWV�ILUVW�&KHVDSHDNH�%D\�7R[LFV�RI�&RQFHUQ
OLVW��SULQFLSDOO\�WR�LGHQWLI\�DQG�SURYLGH�FRQFLVH�GRFXPHQWDWLRQ�RQ�FKHPLFDO�FRQWDPLQDQWV�WKDW
DGYHUVHO\�DIIHFW�WKH�%D\�RU�KDYH�D�UHDVRQDEOH�SRWHQWLDO�WR�GR�VR���7KLV�OLVW�SURYLGHG�&KHVDSHDNH
%D\�UHJLRQ�UHVRXUFH�PDQDJHUV�DQG�UHJXODWRUV�ZLWK�D�ED\ZLGH�FRQVHQVXV�RI�SULRULW\�FKHPLFDOV
DQG�WKH�LQIRUPDWLRQ�QHFHVVDU\�WR�WDUJHW�WKHVH�FKHPLFDO�FRQWDPLQDQWV�IRU�VWUHQJWKHQHG�UHJXODWRU\
DQG�SUHYHQWLRQ�DFWLRQV�RU�DGGLWLRQDO�UHVHDUFK��PRQLWRULQJ��DQG�DVVHVVPHQW���%DVHG�RQ�DPELHQW
FRQFHQWUDWLRQV�RI�FKHPLFDO�FRQWDPLQDQWV�DQG�DTXDWLF�WR[LFLW\�GDWD��WKH�WR[LF�SROOXWDQWV�WKDW
UHSUHVHQWHG�LPPHGLDWH�RU�SRWHQWLDO�WKUHDWV�WR�WKH�&KHVDSHDNH�%D\�V\VWHP�ZHUH�LGHQWLILHG���7KH
7R[LFV�RI�&RQFHUQ�OLVW��VHH�VLGHEDU��LQFOXGHV
VHYHUDO�SROOXWDQWV�RI�FRQFHUQ�IRU�DWPRVSKHULF
GHSRVLWLRQ�WR�WKH�*UHDW�:DWHUV��FDGPLXP�
FKORUGDQH��OHDG��PHUFXU\��3$+V��DQG�3&%V���
,Q�DGGLWLRQ��D�&KHPLFDOV�RI�3RWHQWLDO�&RQFHUQ
OLVW�ZDV�LGHQWLILHG�IRU�WKH�&KHVDSHDNH�%D\
�VHH�VLGHEDU��DQG�LQFOXGHV�WZR�SROOXWDQWV�RI
FRQFHUQ�IRU�WKH�*UHDW�:DWHUV��GLHOGULQ�DQG
WR[DSKHQH����&OHDU�HYLGHQFH�LV�ODFNLQJ�WKDW�WKH
FRQWDPLQDQWV�RQ�WKH�&KHVDSHDNH�%D\�OLVW�RI
&KHPLFDOV�RI�3RWHQWLDO�&RQFHUQ�DFWXDOO\�FDXVH
RU�KDYH�UHDVRQDEOH�SRWHQWLDO�WR�FDXVH�DGYHUVH
HIIHFWV�LQ�WKH�HQYLURQPHQW��EXW�WKH
&KHVDSHDNH�%D\�3URJUDP�EHOLHYHV�WKHVH
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Extent of Toxic Contamination
in Chesapeake Bay

Prior to adoption of the 1994 Chesapeake
Bay Basinwide Toxics Reduction and Prevention
Strategy, the Chesapeake Bay Program
conducted a two-year, in-depth evaluation of the
nature, extent, and magnitude of toxic
contaminant-related problems within the
Chesapeake Bay.  Through the evaluation, no
evidence was found of severe baywide impacts
from chemical contamination, unlike other
problems facing the Chesapeake Bay, such as the
impacts from excess nutrients.  The Program did
document severe, localized toxicity problems,
adverse effects from chemical contamination on
aquatic organisms in areas previously considered
unaffected, and widespread low levels of chemical
contamination in all Bay habitats sampled.

Existing state and federal regulatory and
management programs continue to reduce the
input of potentially toxic chemicals to the
Chesapeake Bay.  Measured concentrations of
many of these chemical contaminants in the Bay's
bottom sediments, shellfish, fish, and wildlife have
also generally declined, although elevated levels
occur in several industrialized areas and some
increasing trends have been observed.  Progress
in reducing the point sources of these chemical
contaminants is offset by significant nonpoint
source inputs of chemical contaminants (e.g.,
urban stormwater runoff, atmospheric deposition)
from increasing development and urbanization of
the Bay watershed.

FKHPLFDOV�ZDUUDQW�HQRXJK�FRQFHUQ�WR�EH�FDUHIXOO\�PRQLWRUHG�DQG�WUDFNHG���)RU�H[DPSOH��D
QXPEHU�RI�WKH�FKHPLFDOV�OLVWHG�DV�EHLQJ�D�SRWHQWLDO�FRQFHUQ�DUH�HLWKHU�EDQQHG�RU�UHVWULFWHG
SHVWLFLGHV�WKDW�KDYH�UHVLGXHV�VWLOO�UHPDLQLQJ�LQ�WKH�HFRV\VWHP�DW�HOHYDWHG�OHYHOV�EXW�EHORZ
WKUHVKROGV�RI�FRQFHUQ��RWKHUV�DUH�FKHPLFDOV�RI�LQFUHDVLQJ�FRQFHUQ�GXH�WR�XVH�SDWWHUQV�RU�SRWHQWLDO
IRU�WR[LFLW\�WR�%D\�UHVRXUFHV�

,Q�UHVSRQVH�WR�D�FRPPLWPHQW�ZLWKLQ�WKH������%DVLQZLGH�7R[LFV�6WUDWHJ\��WKH�7R[LFV�RI
&RQFHUQ�OLVW�LV�FXUUHQWO\�EHLQJ�HYDOXDWHG�DQG�UHYLVHG�XVLQJ�D�ULVN�EDVHG�FKHPLFDO�UDQNLQJ�V\VWHP
LQFRUSRUDWLQJ�VRXUFH��IDWH��DQG�H[SRVXUH�HIIHFWV�UDQNLQJ�IDFWRUV���,Q�GHSWK�DQDO\VHV�RI�WKH�WRS�
UDQNHG�FKHPLFDOV�ZLOO�OHDG�WR�WKH�VHOHFWLRQ�RI�D�UHYLVHG�7R[LFV�RI�&RQFHUQ�OLVW�LQ������

&+(6$3($.(�%$<�72;,&�&217$0,1$17�$70263+(5,&�'(326,7,21�678',(6

6WXGLHV�FRQGXFWHG�LQ�WKH�VRXWKHUQ
&KHVDSHDNH�%D\�LQ�WKH�HDUO\�����V�VXJJHVW
WKDW�WKH�DWPRVSKHUH�LV�D�VLJQLILFDQW�VRXUFH�RI
RUJDQLF�FRQWDPLQDQWV�WR�WKH�%D\��VXFK�DV
RUJDQLF�FDUERQ��9HOLQVN\�HW�DO��������DQG
DQWKURSRJHQLF�K\GURFDUERQV��LQFOXGLQJ�3$+V
�:HEEHU���������:KLOH�WKHVH�HDUOLHU�VWXGLHV
GHPRQVWUDWHG�WKH�SRWHQWLDO�LPSRUWDQFH�RI�WKH
DWPRVSKHUH�LQ�VXSSO\LQJ�FRQWDPLQDQWV�WR�WKH
&KHVDSHDNH�%D\��WKH\�ZHUH�OLPLWHG�E\�WKHLU
PHWKRGRORJLHV��L�H���EXON�GHSRVLWLRQ
VDPSOLQJ��ZKLFK�LV�LPSUHFLVH��DQG�WKHLU
UHODWLYHO\�OLPLWHG�WHPSRUDO�DQG�VSDWLDO�VFRSH��
$Q�DVVHVVPHQW�RI�WKH�H[WHQW�RI�WR[LF
FRQWDPLQDWLRQ�LQ�WKH�%D\�LV�SUHVHQWHG�LQ�WKH
VLGHEDU�

7R�IXUWKHU�H[SORUH�WKH�LVVXH�RI
DWPRVSKHULF�ORDGLQJV�RI�WR[LF�FRQWDPLQDQWV�WR
WKH�%D\��WKH�&KHVDSHDNH�%D\�$WPRVSKHULF
'HSRVLWLRQ�6WXG\��&%$'6��QHWZRUN�ZDV
HVWDEOLVKHG�E\�D�WHDP�RI�VFLHQWLVWV�IURP�WKH
8QLYHUVLW\�RI�0DU\ODQG��9LUJLQLD�,QVWLWXWH�RI
0DULQH�6FLHQFHV��8QLYHUVLW\�RI�'HODZDUH��DQG
2OG�'RPLQLRQ�8QLYHUVLW\���7KH�SULPDU\
REMHFWLYH�RI�WKH�&%$'6�QHWZRUN�ZDV�WR
SURYLGH�WKH�EHVW�HVWLPDWH�RI�WRWDO�DQQXDO
DWPRVSKHULF�ORDGLQJV�RI�D�YDULHW\�RI�WUDFH
HOHPHQWV�DQG�RUJDQLF�FRQWDPLQDQWV�GLUHFWO\
WR�WKH�VXUIDFH�ZDWHUV�RI�WKH�&KHVDSHDNH�%D\��
%HFDXVH�DFFXUDWH�HVWLPDWHV�RI�ED\ZLGH�DQQXDO
ORDGLQJV�UHTXLUH�FKDUDFWHUL]LQJ�WKH�VSDWLDO
DQG�WHPSRUDO�YDULDELOLW\�LQ�FRQWDPLQDQW�ORDGV�LQ�WKH�DWPRVSKHUH�DQG�LQ�GHSRVLWLRQDO�IOX[HV�WR�WKH
%D\��&%$'6�FROOHFWHG�GDWD�WR�KHOS�FKDUDFWHUL]H�WKLV�YDULDELOLW\�
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%DVHG�RQ�SUHYLRXV�VWXGLHV�RI�ZHW�GHSRVLWLRQ�LQ�WKH�UHJLRQ��H�J���7\OHU�������DQG�JLYHQ�WKH
UHVRXUFHV�DYDLODEOH�IRU�WKH�QHWZRUN��WKUHH�QRQ�XUEDQ�VKRUHOLQH�ORFDWLRQV����:\H�,QVWLWXWH�DQG
(OPV�,QVWLWXWH��0DU\ODQG��DQG�+DYHQ�%HDFK��9LUJLQLD����ZHUH�VHOHFWHG�DQG�VDPSOHG�IURP������WR
�������7KHVH�WKUHH�VDPSOLQJ�VLWH�ORFDWLRQV��DV�ZHOO�DV�RWKHU�PRQLWRULQJ�VLWHV�DURXQG�&KHVDSHDNH
%D\��DUH�VKRZQ�LQ�)LJXUH�,9������,Q�HVWDEOLVKLQJ�WKLV�LQLWLDO�QHWZRUN��WKH�LQIOXHQFH�RI�XUEDQ�DUHDV
ZDV�SXUSRVHO\�DYRLGHG�E\�ORFDWLQJ�WKH�VLWHV�PRUH�WKDQ����NLORPHWHUV�IURP�PHWURSROLWDQ�DUHDV
�VLPLODU�WR�WKH�LQLWLDO�QRQ�XUEDQ�VWDWLRQV�IRU�WKH�*UHDW�/DNHV�GHSRVLWLRQ�QHWZRUN��WKH�,QWHJUDWHG
$WPRVSKHULF�'HSRVLWLRQ�1HWZRUN��,$'1�����%\�PLQLPL]LQJ�SRVVLEOH�XUEDQ�LQIOXHQFHV��WKH
UHVXOWLQJ�&%$'6�ORDGLQJ�HVWLPDWHV�DUH�FRQVLGHUHG�WR�EH�PLQLPXP�YDOXHV���

&%$'6�HYDOXDWHG�DWPRVSKHULF�ORDGLQJV�GLUHFWO\�WR�WKH�%D\�RQO\���$OWKRXJK�LW�LV�PRVW
OLNHO\�WKDW�VRPH�IUDFWLRQ�RI�WKH�WR[LF�FRQWDPLQDQWV�GHSRVLWHG�IURP�WKH�DWPRVSKHUH�WR�WKH
ZDWHUVKHG�RI�WKH�&KHVDSHDNH�%D\�DUH�XOWLPDWHO\�WUDQVSRUWHG�WR�WKH�VXUIDFH�ZDWHUV��WKLV�VWXG\�GLG
QRW�DWWHPSW�WR�FKDUDFWHUL]H�LQGLUHFW�ORDGLQJV�IRU�WZR�PDLQ�UHDVRQV�

& %HFDXVH�GHSRVLWLRQ�WR�WKH�YDULRXV�ODQG�VXUIDFHV�LV�OLNHO\�PXFK�GLIIHUHQW�WKDQ�WKDW
WR�WKH�ZDWHU�VXUIDFH��IOX[HV�PHDVXUHG�DW�WKH�VKRUH�EDVHG�VWDWLRQV�FDQQRW�EH
H[WUDSRODWHG�ZLWK�FRQILGHQFH�WR�WKH�ZDWHUVKHG��DQG

& 7KH�ODUJH�XQFHUWDLQW\�LQ�WKH�XQGHUVWDQGLQJ�RI�WKH�IDWH�RI�PDWHULDOV�GHSRVLWHG�WR
WKH�ODQG�VXUIDFH��L�H���WKH�IUDFWLRQ�WUDQVPLWWHG�WR�WKH�UHFHLYLQJ�ZDWHU��SUHFOXGHV�WKH
VLPSOH�HVWLPDWLRQ�RI�WKH�LQGLUHFW�DWPRVSKHULF�ORDGLQJ�RI�FRQWDPLQDQWV�WR�WKH
&KHVDSHDNH�%D\�LQ�PRUH�WKDQ�D�URXJK�HVWLPDWH���

7KH�&%$'6�GDWD�RQ�FRQFHQWUDWLRQV�LQ�DLU��FRQFHQWUDWLRQV�LQ�SUHFLSLWDWLRQ��DQG�ZHW�DQG
GU\�DHURVRO�GHSRVLWLRQDO�IOX[HV�DUH�SUHVHQWHG�LQ�%DNHU�HW�DO���������DQG�DUH�VXPPDUL]HG�EHORZ��
7KHVH�GDWD�ZHUH�FROOHFWHG�IRU�WZR�JURXSV�RI�FRQWDPLQDQWV���WUDFH�PHWDOV��DOXPLQXP��DUVHQLF�
FDGPLXP��FKURPLXP��FRSSHU��LURQ��PDQJDQHVH��QLFNHO��OHDG��VHOHQLXP��DQG�]LQF���DQG�RUJDQLF
FRQWDPLQDQWV�����GLIIHUHQW�3$+V�DQG�WRWDO�3&%V����&DGPLXP��OHDG��3$+V��DQG�3&%V�DUH
SROOXWDQWV�RI�FRQFHUQ�IRU�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�*UHDW�:DWHUV���0HUFXU\�GDWD�DUH�EHLQJ
FROOHFWHG�EXW�KDYH�QRW�\HW�EHHQ�FRPSLOHG��DQG�GDWD�RQ�RWKHU�*UHDW�:DWHUV�SROOXWDQWV�RI�FRQFHUQ
ZHUH�QRW�FROOHFWHG���)RU�GHWDLOHG�UHVXOWV��D�GLVFXVVLRQ�RI�VDPSOLQJ�PHWKRGV��RU�D�GHVFULSWLRQ�RI�WKH
OLPLWDWLRQV�RI�WKH�VWXG\��UHIHU�WR�%DNHU�HW�DO���������

&RQFHQWUDWLRQV�LQ�$LU���$LU�FRQFHQWUDWLRQV�IRU�WUDFH�PHWDOV�ZHUH�GHWHUPLQHG�E\
PHDVXULQJ�WKH�HOHPHQWDO�FRPSRVLWLRQ�RI�DHURVRO�SDUWLFOHV�OHVV�WKDQ����)P�LQ�GLDPHWHU���7KH
HOHPHQWDO�FRPSRVLWLRQ�ZDV�GRPLQDWHG�E\�WKH�FUXVWDO�HOHPHQWV�DOXPLQXP�DQG�LURQ��DV�ZHOO�DV
VXOIXU��LQ�WKH�IRUP�RI�VXOIDWH����'XULQJ������DQG�������FRQFHQWUDWLRQV�DYHUDJHG�RYHU�WKH�WKUHH
VDPSOLQJ�VLWHV�ZHUH�����������DQG�������QJ�P �IRU�DOXPLQXP��LURQ��DQG�VXOIXU��UHVSHFWLYHO\���7UDFH�

HOHPHQW�FRQFHQWUDWLRQV�DYHUDJHG�RYHU�WKH�VDPH�SHULRG�UDQJHG�IURP������QJ�P �IRU�FDGPLXP�WR�

�����QJ�P �IRU�]LQF��ZLWK�OHDG�DYHUDJLQJ������QJ�P ���7KH�IUDFWLRQ�RI�HDFK�HOHPHQW�GHULYHG�IURP�� � � � � � � �

QRQ�FUXVWDO��H�J���FRPEXVWLRQ��VRXUFHV�ZDV�HVWLPDWHG�EDVHG�RQ�WKH�DYHUDJH�FRQFHQWUDWLRQ�RI
HOHPHQWV�LQ�WKH�(DUWK
V�FUXVW��7XUHNLDQ�DQG�:HGHSRKO��������DQG�DVVXPLQJ�DOO�RI�WKH�PHDVXUHG
DOXPLQXP�DVVRFLDWHG�ZLWK�DHURVRO�SDUWLFOHV�LV�GHULYHG�IURP�HURVLRQ�RI�VRLOV���,Q�WKH�&KHVDSHDNH
%D\�UHJLRQ��QRQ�FUXVWDO�VRXUFHV�VXSSO\�JUHDWHU�WKDQ����SHUFHQW�RI�PRVW�RI�WKH�HOHPHQWV�PHDVXUHG
RQ�DHURVRO�SDUWLFOHV��:X�HW�DO����������$UVHQLF��FDGPLXP��OHDG��VXOIXU��DQG�VHOHQLXP�DUH�DOPRVW
H[FOXVLYHO\�QRQ�FUXVWDO��DQG�DUH�OLNHO\�LQWURGXFHG�LQWR�WKH�DWPRVSKHUH�DV�D�UHVXOW�RI�FRPEXVWLRQ
RI�IRVVLO�IXHOV�DQG�LQFLQHUDWLRQ�RI�PXQLFLSDO�ZDVWHV�
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FIGURE IV-17
Sampling Locations for

Chesapeake Bay Toxic Contaminant Atmospheric Deposition Studies
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7KH�PHDVXUHG�FRQFHQWUDWLRQV�RI�WUDFH�HOHPHQWV�ZHUH�JHQHUDOO\�ZLWKLQ�D�IDFWRU�RI�WZR
DPRQJ�WKH�WKUHH�VDPSOLQJ�VLWHV���2Q�DQ�DYHUDJH�DQQXDO�EDVLV��FRQFHQWUDWLRQV�VOLJKWO\�GHFUHDVH
IURP�QRUWK��:\H��WR�VRXWK��+DYHQ�%HDFK���H[FHSW�VXOIXU��ZKLFK�LV����SHUFHQW�KLJKHU�DW�(OPV������
DQG�������DQG�+DYHQ�%HDFK��������WKDQ�DW�WKH�:\H�VLWH���7KH�JHQHUDO�GHFUHDVLQJ�WUHQGV�REVHUYHG
IURP�QRUWK�WR�VRXWK��DORQJ�ZLWK�LQFUHDVLQJ�VXOIDWH��PD\�LQGLFDWH�KLJKHU�OHYHOV�RI�ORZ�VXOIXU
FRPEXVWLRQ�VRXUFHV��H�J���LQFLQHUDWRUV��YHKLFOHV��LQ�WKH�QRUWKHUQ�UHDFKHV�RI�WKH�&KHVDSHDNH�%D\��
,Q�JHQHUDO��WKH�VSDWLDO�YDULDELOLW\�LQ�WKH�DWPRVSKHULF�FRQFHQWUDWLRQV�RI�WUDFH�HOHPHQWV�EHWZHHQ
VLWHV��IURP�QRUWK�WR�VRXWK��LV�VXEVWDQWLDOO\�ORZHU�WKDQ�FRUUHVSRQGLQJ�WHPSRUDO�WUHQGV�

6HPLYRODWLOH�RUJDQLF�FKHPLFDOV�H[LVW�LQ�WKH�DWPRVSKHUH�DV�JDVHV�DQG�DOVR�DUH�DVVRFLDWHG
ZLWK�DHURVRO�SDUWLFOHV��3DQNRZ���������,Q�WKLV�VWXG\��ED\ZLGH�DQQXDO�DYHUDJH�FRQFHQWUDWLRQV�RI
3$+V�LQ�DLU�UDQJHG�IURP����QJ�P �IRU�GLEHQ]>D�K@DQWKUDFHQH�WR�������QJ�P �IRU�SKHQDQWKUHQH���� � � � � �

$WPRVSKHULF�FRQFHQWUDWLRQV�ZHUH�TXLWH�YDULDEOH�ZLWK�LQGLYLGXDO�PHDVXUHPHQWV�UDQJLQJ�IURP
RQH�WHQWK�WR�WHQ�WLPHV�WKH�DQQXDO�DYHUDJH�FRQFHQWUDWLRQV���7KHVH�YDULDWLRQV�OLNHO\�UHVXOW�IURP
VDPSOLQJ�DLU�PDVVHV�FRPLQJ�IURP�GLIIHULQJ�GLUHFWLRQV��IURP�FKDQJHV�LQ�ORFDO�DQG�UHJLRQDO
HPLVVLRQV��DQG�IURP�GLIIHUHQFHV�LQ�DWPRVSKHULF�GHJUDGDWLRQ�DQG�GHSRVLWLRQ�UDWHV���7KHVH
YDULDWLRQV�VKRZ�D�VHDVRQDO�SDWWHUQ���)RU�H[DPSOH��LQFUHDVHG�FRQFHQWUDWLRQV�RI�JDV�SKDVH�3$+V�
VXFK�DV�S\UHQH��GXULQJ�WKH�VXPPHU�PRQWKV�PD\�UHIOHFW�ERWK�KLJKHU�WHPSHUDWXUHV��L�H���HQKDQFHG
YRODWLOL]DWLRQ��DQG�LQFUHDVHG�FRDO�DQG�RLO�FRPEXVWLRQ�WR�PHHW�WKH�HOHFWULFLW\�GHPDQG�RI�DLU
FRQGLWLRQLQJ���,QFUHDVHV�LQ�WKH�DWPRVSKHUH�RI�SDUWLFXODWH�3$+V��VXFK�DV�EHQ]R>D@S\UHQH��PD\
UHVXOW�IURP�ORFDO�EXUQLQJ�RI�\DUG�ZDVWHV�DQG�RI�ZRRG�IRU�KRPH�KHDWLQJ���6RPH�YDULDWLRQ�LQ
DWPRVSKHULF�OHYHOV�RI�RUJDQLF�FKHPLFDOV�PD\�UHVXOW�IURP�WKH�HIILFLHQW�UHPRYDO�RI�SDUWLFXODWH
3$+V�E\�SUHFLSLWDWLRQ��3RVWHU�DQG�%DNHU�����D������E����,Q�JHQHUDO��WKH�PDJQLWXGH�RI�IOXFWXDWLRQV
LQ�DWPRVSKHULF�OHYHOV�RI�RUJDQLF�FKHPLFDOV�LV�ODUJHU�WKDQ�WKH�FRUUHVSRQGLQJ�YDULDWLRQV�LQ�WUDFH
HOHPHQWV�DQG�VXOIXU�GLVFXVVHG�DERYH��VXJJHVWLQJ�WKH�LPSRUWDQFH�RI�ORFDO�FRPEXVWLRQ�VRXUFHV���$LU
FRQFHQWUDWLRQ�GDWD�ZHUH�QRW�DYDLODEOH�IRU�3&%V�

&RQFHQWUDWLRQV�LQ�3UHFLSLWDWLRQ���7KH�RYHUDOO�YROXPH�ZHLJKWHG�PHDQ�FRQFHQWUDWLRQV�RI
WUDFH�HOHPHQWV�LQ�SUHFLSLWDWLRQ�FROOHFWHG�DW�WKH�WKUHH�VLWHV�UDQJH�IURP������)J�/�IRU�FDGPLXP�DW
(OPV�WR������)J�/�IRU�LURQ�DW�+DYHQ�%HDFK���)RU�OHDG��WKH�UDQJH�RI�RYHUDOO�YROXPH�ZHLJKWHG�PHDQ
FRQFHQWUDWLRQV�ZDV�EHWZHHQ������DQG������)J�/�DW�WKH�WKUHH�VLWHV���7KH�UHODWLYH�SURSRUWLRQ�RI�WUDFH
HOHPHQWV�LQ�SUHFLSLWDWLRQ�LV�QHDUO\�LGHQWLFDO�WR�WKDW�LQ�WKH�&KHVDSHDNH�%D\�DHURVRO�SDUWLFOHV�
FRQILUPLQJ�WKDW�DHURVRO�VFDYHQJLQJ�LV�WKH�VRXUFH�RI�WUDFH�PHWDOV�WR�ZHW�GHSRVLWLRQ���7UDFH�PHWDO
ZHW�GHSRVLWLRQDO�IOX[HV�DUH�KLJKO\�YDULDEOH��FKDQJLQJ�PRUH�WKDQ�WHQ�IROG�EHWZHHQ�FRQVHFXWLYH
PRQWKV�ZLWK�OLWWOH�DSSDUHQW�VHDVRQDO�GHSHQGHQFH���7KLV�YDULDELOLW\��ZKLFK�ZDV�VLPLODU�DW�HDFK�RI
WKH�WKUHH�VLWHV��UHVXOWV�QRW�RQO\�IURP�IOXFWXDWLRQV�LQ�WKH�DWPRVSKHULF�LQYHQWRULHV�RI�WUDFH�PHWDOV�
EXW�DOVR�IURP�FKDQJHV�LQ�WKH�DPRXQW�RI�SUHFLSLWDWLRQ���2Q�DQ�DQQXDO�EDVLV��WKH�YROXPH�ZHLJKWHG
PHDQ�FRQFHQWUDWLRQV�RI�PRVW�WUDFH�PHWDOV�GLG�QRW�V\VWHPDWLFDOO\�YDU\�EHWZHHQ�WKH�VXPPHU�RI
�����DQG�IDOO�RI�������DJDLQ�VXJJHVWLQJ�WKDW�WKHVH�UXUDO�VLWHV�ZHUH�PRVW�VWURQJO\�LQIOXHQFHG�E\�WKH
VDPH�UHJLRQDO�EDFNJURXQG�VLJQDO�WKURXJKRXW�WKH�VWXG\�

:KLOH�LQGLYLGXDO�SUHFLSLWDWLRQ�HYHQWV�UHVXOW�LQ�VSLNHV�LQ�WUDFH�PHWDO�GHSRVLWLRQ�DW�RQH�VLWH
WKDW�DUH�QRW�REVHUYHG�DW�WKH�RWKHU�WZR�ORFDWLRQV��WKHVH�LVRODWHG�HYHQWV�DYHUDJH�RXW�RYHU�WKH�\HDU��
$QQXDO�YROXPH�ZHLJKWHG�PHDQ�FRQFHQWUDWLRQV�RI�WUDFH�PHWDOV�LQ�SUHFLSLWDWLRQ�DUH�JHQHUDOO\
ZLWKLQ�D�IDFWRU�RI�WZR�DPRQJ�WKH�WKUHH�VLWHV��ZLWK�QR�FOHDU�V\VWHPDWLF�VSDWLDO�WUHQG�REVHUYHG�IRU
DOO�PHWDOV�
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2YHUDOO�YROXPH�ZHLJKWHG�PHDQ�FRQFHQWUDWLRQV�RI�3$+V�LQ�SUHFLSLWDWLRQ�UDQJHG�IURP����
QJ�/�IRU�DQWKUDFHQH�DQG�GLEHQ]>D�K@DQWKUDFHQH�DW�WKH�+DYHQV�%HDFK�VLWH�WR���QJ�/�IRU�S\UHQH�DW
WKH�(OPV�VLWH���9ROXPH�ZHLJKWHG�PHDQ�FRQFHQWUDWLRQV�IRU�WRWDO�3&%V�ZHUH�����DQG�����QJ�/�DW�WKH
(OPV�DQG�+DYHQ�%HDFK�VLWHV��FROOHFWHG�IURP�-XQH������WKURXJK�6HSWHPEHU��������DQG������QJ�/�DW
WKH�:\H�VLWH��FROOHFWHG�IURP�-DQXDU\�WR�6HSWHPEHU���������$V�ZDV�REVHUYHG�IRU�WUDFH�PHWDOV��ZHW
GHSRVLWLRQDO�IOX[HV�RI�RUJDQLF�FRQWDPLQDQWV�YDULHG�FRQVLGHUDEO\�ZLWK�WLPH��DQG�ZHUH�GRPLQDWHG
E\�HSLVRGLF�VSLNHV�DW�HDFK�ORFDWLRQ���([WUHPHO\�KLJK�FRQFHQWUDWLRQV�RI�VRPH�DQDO\WHV��LQFOXGLQJ
S\UHQH��WKDW�ZHUH�PHDVXUHG�LQ�ERWK�DLU�DQG�SUHFLSLWDWLRQ�DW�WKH�(OPV�VLWH�LQ�WKH�VXPPHU�RI������
PD\�KDYH�UHVXOWHG�IURP�ORFDO�YHJHWDWLRQ�EXUQLQJ���8QOLNH�3$+�OHYHOV�LQ�WKH�DWPRVSKHUH�
FRQFHQWUDWLRQV�LQ�SUHFLSLWDWLRQ�GLG�QRW�V\VWHPDWLFDOO\�YDU\�ZLWK�VHDVRQ���7KH�HQULFKPHQW�DW�WKH
(OPV�VLWH�LV�HVSHFLDOO\�SURQRXQFHG�IRU�KLJKHU�PROHFXODU�ZHLJKW�3$+V��VXJJHVWLQJ�D�ORFDO
FRPEXVWLRQ�VRXUFH��H�J���ZRRG�EXUQLQJ�IRU�UHVLGHQWLDO�KHDWLQJ��

&RQFHQWUDWLRQV�RI�RUJDQLF�FRQWDPLQDQWV�LQ�SUHFLSLWDWLRQ�PHDVXUHG�LQ�WKLV�VWXG\�DUH
FRQVLVWHQWO\�ORZHU�WKDQ�WKRVH�REVHUYHG�LQ�WKH�*UHDW�/DNHV�UHJLRQ��VHH�)LJXUH�,9�������)RU
H[DPSOH��3$+�FRQFHQWUDWLRQV�LQ�SUHFLSLWDWLRQ�DW�WKH�&KHVDSHDNH�%D\�VLWHV�DUH�RQH�WKLUG�WR�RQH�
KDOI�DV�KLJK�DV�DW�WKH�WKUHH�,$'1�VLWHV�ORFDWHG�DW�UXUDO��VKRUHOLQH�VLWHV�RQ�/DNHV�2QWDULR�
0LFKLJDQ��DQG�6XSHULRU��*DW]�HW�DO����������,Q�FRQWUDVW��OHYHOV�RI�WKH�VDPH�3$+V�LQ�WKH�DLU�RYHU
&KHVDSHDNH�%D\�DUH�HTXDO�WR�RU�SHUKDSV�KLJKHU�WKDQ�WKRVH�PHDVXUHG�RYHU�WKH�*UHDW�/DNHV��
:KHWKHU�WKH�DSSDUHQW�HQULFKPHQW�LQ�3$+V�LQ�*UHDW�/DNHV�SUHFLSLWDWLRQ�UHODWLYH�WR��WKDW�LQ�WKH
&KHVDSHDNH�%D\�UHJLRQ��DV�VKRZQ�LQ�)LJXUH�,9�����LV�GXH�WR�PRUH�HIILFLHQW�VFDYHQJLQJ�E\
SUHFLSLWDWLRQ�LQ�WKH�FROGHU��UHODWLYHO\�GULHU�*UHDW�/DNHV�UHJLRQ��RU�VLPSO\�UHIOHFWV�PHWKRGRORJLFDO
GLIIHUHQFHV�EHWZHHQ�WKH�WZR�QHWZRUNV��LV�XQFOHDU�

� :HW�DQG�'U\�$HURVRO�'HSRVLWLRQDO�)OX[HV���8VLQJ�&%$'6�GDWD��UHVHDUFKHUV�FDOFXODWHG
GHSRVLWLRQDO�IOX[HV��VHH�%DNHU�HW�DO���������IRU�PHWKRGRORJLHV����%HFDXVH�WKHVH��GHSRVLWLRQDO
IOX[HV��DUH�DFWXDOO\�JURVV�IOX[HV�GLUHFWO\�WR�WKH�ZDWHU�VXUIDFH�DQG�GR�QRW�DFFRXQW�IRU�QHW�JDV
H[FKDQJH�DFURVV�WKH�DLU�ZDWHU�LQWHUIDFH��WKH�WHUP��GHSRVLWLRQ�UDWHV��LV�XVHG�LQ�WKH�UHPDLQGHU�RI
WKLV�GLVFXVVLRQ�LQ�SODFH�RI��GHSRVLWLRQDO�IOX[HV��WR�EH�FRQVLVWHQW�ZLWK�WKH�UHVW�RI�WKH�UHSRUW�LQ�WKH
XVH�RI�WKH�WHUP��IOX[��

7RWDO�DQQXDO�GHSRVLWLRQ�UDWHV�LQ������UDQJHG�IURP������PJ�P �IRU�FDGPLXP�DW�WKH�:\H�

VLWH�WR�����PJ�P �IRU�DOXPLQXP�DW�WKH�(OPV�VLWH��WKH�KLJKHVW�DQQXDO�GHSRVLWLRQ�UDWH�IRU�OHDG�ZDV�

�����PJ�P �DW�WKH�:\H�VLWH���1RW�VXUSULVLQJO\��GU\�DHURVRO�GHSRVLWLRQ�FRPSULVHV�WKH�PDMRULW\�RI�

WKH�WRWDO�GHSRVLWLRQ�UDWH�IRU�WKH�VRLO�HOHPHQWV�DOXPLQXP�DQG�LURQ��ZKLFK�RFFXU�RQ�FRDUVH
SDUWLFOHV���:HW�GHSRVLWLRQ�FRQWULEXWHV�EHWZHHQ�RQH�WKLUG�DQG�RQH�KDOI�RI�WKH�WRWDO�GHSRVLWLRQDO
UDWH�RI�WKH�UHPDLQLQJ�WUDFH�HOHPHQWV���1DWXUDOO\��VSDWLDO�WUHQGV�LQ�WRWDO�GHSRVLWLRQ�UHVXOW�IURP
YDULDWLRQ�LQ�SUHFLSLWDWLRQ�FKHPLVWU\�DQG�DPRXQW��DQG�WKH�WUDFH�HOHPHQW�LQYHQWRULHV�DVVRFLDWHG
ZLWK�DHURVRO�SDUWLFOHV��JLYHQ�WKH�FRQVLGHUDEOH�XQFHUWDLQW\�LQ�WKH�GU\�DHURVRO�GHSRVLWLRQ
FDOFXODWLRQ��WKH�VDPH�GHSRVLWLRQ�YHORFLW\�ZDV�XVHG�DW�HDFK�VLWH����$OWKRXJK�D�GLVWLQFW�QRUWK�WR
VRXWK�WUHQG�LQ�SUHFLSLWDWLRQ�DPRXQW�RFFXUUHG�LQ�����������������DQG�����FP��UHVSHFWLYHO\���WRWDO
DQQXDO�GHSRVLWLRQ�UDWHV�ZHUH�UHPDUNDEO\�VLPLODU�DPRQJ�WKH�WKUHH�VWDWLRQV���7RWDO�GHSRVLWLRQ�UDWHV
ZHUH�DOVR�YHU\�VLPLODU�EHWZHHQ�\HDUV��DJDLQ�LQGLFDWLQJ�WKDW�WKH�UHODWLYHO\�UDUH�VSLNHV�LQ
FRQFHQWUDWLRQ�DUH�GDPSHQHG�DJDLQVW�WKH�FKURQLF�UHJLRQDO�EDFNJURXQG�VLJQDO�
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FIGURE IV-18
Comparison of 13 PAHs and Total PCBs in Precipitation (1992) from Chesapeake Bay and Great Lakes Sampling Sites
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����� �%HFDXVH�WKH��IOX[HV��LQ�WKLV�VWXG\�DUH�DFWXDOO\�JURVV�IOX[HV�GLUHFWO\�WR�WKH�ZDWHU�VXUIDFH��WKHVH�GDWD�GR�QRW�WDNH�LQWR��

DFFRXQW�H[FKDQJH�RI�JDVHRXV�RUJDQLF�FRQWDPLQDQWV�DFURVV�WKH�DLU�ZDWHU�LQWHUIDFH���2WKHU�UHFHQW�VWXGLHV�KDYH�VKRZQ
WKDW�WKLV�LV�WKH�GRPLQDQW�DWPRVSKHULF�GHSRVLWLRQ�SURFHVV�IRU�VHPL�YRODWLOH�RUJDQLF�FRQWDPLQDQWV��LQFOXGLQJ�3&%V��%DNHU
DQG�(LVHQUHLFK�������$FKPDQ�HW�DO��������DQG�ORZ�PROHFXODU�ZHLJKW�3$+V��1HOVRQ�HW�DO����������,Q�WKRVH�VWXGLHV��WKH
QHW�GLUHFWLRQ�RI�H[FKDQJH�LV�RIWHQ�IURP�WKH�ZDWHU�WR�WKH�DLU�DQG�GLIIXVLYH�JDV�H[FKDQJH�LV�ODUJH�HQRXJK�WR�RIIVHW�ZHW
GHSRVLWLRQ�DQG�GU\�DHURVRO�GHSRVLWLRQ��

����� �%HFDXVH�DHURVRO�SDUWLFOH�DVVRFLDWHG�3&%V�ZHUH�SUHVHQW�EHORZ�DQDO\WLFDO�GHWHFWLRQ�OLPLWV��HVWLPDWHV�RI�3&%�GU\��

GHSRVLWLRQ�ZHUH�PDGH�XVLQJ�DQ�DHURVRO�3&%�OHYHO�FDOFXODWHG�IURP�WKH�PHDVXUHG�JDVHRXV�3&%�FRQFHQWUDWLRQ�DQG�WKH
-XQJH�3DQNRZ�VRUSWLRQ�PRGHO��3DQNRZ�������/HLVWHU�DQG�%DNHU�������

����� �7KLV�LV�GXH��LQ�SDUW��WR�WKH�FKRLFH�RI�GHSRVLWLRQ�YHORFLWLHV�XVHG�IRU�WKH�WZR�VWXGLHV������FP�VHF�IRU�DOO�VSHFLHV�LQ�WKH��

*UHDW�/DNHV�������FP�VHF�IRU�WUDFH�HOHPHQWV�DQG������FP�VHF�IRU�RUJDQLFV�LQ�WKH�&KHVDSHDNH�%D\����$OO�RI�WKHVH�YDOXHV
DUH�ZLWKLQ�WKH�JHQHUDOO\�DFFHSWHG�UDQJH�IRU�GU\�DHURVRO�GHSRVLWLRQ�YHORFLWLHV�

�����

)RU�3$+V��WRWDO�DQQXDO�GHSRVLWLRQ�UDWHV�IRU������UDQJH�IURP�����)J�P �IRU�DQWKUDFHQH�DW�

WKH�:\H�VLWH�WR������)J�P �IRU�EHQ]R>E@IOXRUDWKHQH�DW�WKH�(OPV�VLWH� ��%RWK�ZHW�GHSRVLWLRQ�DQG�� � � � � � ��

GU\�DHURVRO�GHSRVLWLRQ�FRQWULEXWH�WR�WRWDO�3$+�GHSRVLWLRQ��ZLWK�GU\�DHURVRO�GHSRVLWLRQ�EHFRPLQJ
UHODWLYHO\�PRUH�LPSRUWDQW�IRU�WKH�KLJKHU�PROHFXODU�ZHLJKW��OHVV�YRODWLOH�FRPSRXQGV���7RWDO
GHSRVLWLRQ�UDWHV�IRU�3$+V�GHFUHDVH�ZLWK�WLPH�GXULQJ�WKLV�VWXG\��ZLWK�WKH�ORZHVW�UDWHV�RFFXUULQJ
GXULQJ�WKH�ILUVW�QLQH�PRQWKV�RI��������:KLOH�VRPH�RI�WKLV�GHFUHDVH�LV�DWWULEXWHG�WR�EHJLQQLQJ�ZLWK
DQRPDORXVO\�KLJK�PHDVXUHPHQW�LQ�WKH�VXPPHU�RI�������GHFUHDVHV�LQ�ERWK�ZHW�DQG�GU\�DHURVRO
GHSRVLWLRQ�UDWHV�FRQWLQXHG�EHWZHHQ������DQG��������7KH�WRWDO�DQQXDO�GHSRVLWLRQ�UDWH�IRU�WRWDO
3&%V�LV�DERXW�����)J�P ��ZLWK�DSSUR[LPDWHO\�HTXDO�FRQWULEXWLRQ�IURP�ZHW�DQG�GU\�DHURVRO�

GHSRVLWLRQ���

2YHUDOO��WRWDO�DQQXDO�GHSRVLWLRQ�UDWHV�IRU�3$+V�DQG�3&%V�DUH�JHQHUDOO\�ZLWKLQ����SHUFHQW
DPRQJ�WKH�VLWHV���*LYHQ�WKH�XQFHUWDLQW\�LQ�WKH�GU\�DHURVRO�GHSRVLWLRQ�HVWLPDWHV��WKLV�SHUFHQWDJH
LQGLFDWHV�OLWWOH�VSDWLDO�YDULDELOLW\�ZKHQ�LQWHJUDWLQJ�RYHU�DQQXDO�F\FOHV���+RZHYHU��WKLV�VWXG\�GLG
QRW�VSHFLILFDOO\�DGGUHVV�WKH�SRVVLEOH�LQIOXHQFHV�RI�XUEDQ�DUHDV��VXFK�DV�WKH�FLWLHV�RI�%DOWLPRUH�
:DVKLQJWRQ��DQG�1RUIRON��RQ�DWPRVSKHULF�GHSRVLWLRQ��ZKLFK�PD\�EH�LPSRUWDQW�

7R�SODFH�WKH�DWPRVSKHULF�GHSRVLWLRQ�UDWHV�FDOFXODWHG�LQ�WKLV�VWXG\�LQ�SHUVSHFWLYH��WKH\�DUH
FRPSDUHG�WR�VLPLODU�HVWLPDWHV�PDGH�IRU�WKH�*UHDW�/DNHV�UHJLRQ��)LJXUH�,9�������:HW�GHSRVLWLRQ
UDWHV�IRU�OHDG�DQG�DUVHQLF�DUH�DOPRVW�WKUHH�WLPHV�KLJKHU�LQ�WKH�*UHDW�/DNHV�WKDQ�LQ�&KHVDSHDNH
%D\��GHVSLWH�VLJQLILFDQWO\�OHVV�UDLQIDOO�����YHUVXV�����FP�\HDU���ZHW�GHSRVLWLRQ�UDWHV�IRU�FDGPLXP
DUH�VLPLODU�IRU�ERWK�UHJLRQV���:HW�GHSRVLWLRQ�UDWHV�IRU�3$+V�DQG�WRWDO�3&%V�DUH�IDLUO\�VLPLODU
EHWZHHQ�WKH�WZR�UHJLRQV��DV�KLJKHU�FRQFHQWUDWLRQV�LQ�*UHDW�/DNHV�SUHFLSLWDWLRQ��VHH�)LJXUH�,9����
DUH�RIIVHW�E\�ORZHU�SUHFLSLWDWLRQ�DPRXQWV���'U\�DHURVRO�GHSRVLWLRQ�UDWH�HVWLPDWHV�DUH�KLJKHU�LQ�WKH
&KHVDSHDNH�UHJLRQ��HVSHFLDOO\�IRU�RUJDQLF�FRQWDPLQDQWV� ��,Q�DGGLWLRQ��PHDVXUHG�DHURVRO�ERXQG��

RUJDQLF�FRQFHQWUDWLRQV�ZHUH�JHQHUDOO\�KLJKHU�WKDQ�WKH�YDOXHV�XVHG�LQ�WKH�*UHDW�/DNHV�GU\�DHURVRO
GHSRVLWLRQ�FDOFXODWLRQV��(LVHQUHLFK�DQG�6WUDFKDQ���������'HVSLWH�WKH�GLIIHUHQFHV��HVWLPDWHG
DWPRVSKHULF�GHSRVLWLRQ�UDWHV�DUH�JHQHUDOO\�ZLWKLQ�D�IDFWRU�RI�WZR�EHWZHHQ�WKH�&KHVDSHDNH�%D\
DQG�WKH�*UHDW�/DNHV�UHJLRQV��ZKLFK��JLYHQ�WKH�QXPHURXV�RSSRUWXQLWLHV�IRU�HUURU�LQ�WKHVH
PHDVXUHPHQWV�DQG�FDOFXODWLRQV��LV�TXLWH�JRRG�DJUHHPHQW�
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FIGURE IV-19
Comparison of Chesapeake Bay and Great Lakes Atmospheric Depositional Fluxes

&+(6$3($.(�%$<�72;,&�&217$0,1$17�$70263+(5,&�/2$',1*6

7R�HVWLPDWH�WKH�DQQXDO�ED\ZLGH�ORDGLQJV�RI�WUDFH�HOHPHQWV�DQG�RUJDQLF�FRQWDPLQDQWV�WR
WKH�%D\��WKH�DQQXDO�VLWH�VSHFLILF�ZHW�DQG�GU\�DHURVRO�GHSRVLWLRQ�UDWHV�ZHUH�DYHUDJHG�DQG�WKH�WZR
DYHUDJH�UDWHV�ZHUH�PXOWLSOLHG�E\�WKH�VXUIDFH�DUHD�RI�WKH�%D\���8QFHUWDLQWLHV�LQ�WKHVH�ORDGLQJ
HVWLPDWHV�DUH�OLNHO\��RQ�WKH�RUGHU�RI�D�IDFWRU�RI�WZR��PDLQO\�GXH�WR�WKH�LQDELOLW\�WR�HVWLPDWH�GU\
DHURVRO�ORDGLQJV�RQ�D�ILQHU�WHPSRUDO�UHVROXWLRQ�

%D\ZLGH�DWPRVSKHULF�ORDGLQJV�RI�DOXPLQXP�DQG�LURQ�DUH�HVWLPDWHG�DW�����������DQG
��������NJ�\HDU��UHVSHFWLYHO\��VHH�7DEOH�,9������/RDGLQJV�RI�WUDFH�HOHPHQWV�UDQJH�IURP������
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NJ�\HDU�IRU�FDGPLXP�WR��������NJ�\HDU�IRU�QLFNHO��OHDG�ORDGLQJV�DUH�HVWLPDWHG�DW��������NJ�\HDU��
/RDGLQJ�HVWLPDWHV�DUH�JHQHUDOO\�VLPLODU�IRU������DQG�������H[FHSW�IRU�QLFNHO�DQG�]LQF�GXH�WR�
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TABLE IV-9
Annual Atmospheric Loadings of Trace Metals and Organic Contaminants

to the Chesapeake Bay a

Pollutant (kg/year) (kg/year) (kg/year)
Wet Deposition Dry Deposition Total Deposition

Aluminum 137,000  1,200,000 1,340,000b

Arsenic 607 1,050 1,660

Cadmium 867 240 1,110

Chromium 1,026 2,030 3,060

Copper 5,575 3,620 9,200

Iron 132,800 666,000 799,000

Manganese 13,200 13,600 26,800

Nickel 7,185 6,160 13,300

Lead 5,440 7,080 12,500

Selenium 1,390 2,930 4,320

Zinc 26,000 22,800 49,400

Total PCBs 13 20 37

PAHs

  Anthracene 6 6 13

  Benz(a)anthracene 9 34 44

  Benzo[a]pyrene 17 36 53

  Benzo[b]fluoranthene 36 98 134

  Benzo[e]pyrene 21 67 88

  Benzo[ghi]perylene 19 75 94

  Benzo[k]fluoranthene 22 65 88

  Chrysene 29 85 114

  Dibenz[ah]anthracene 7 16 22

  Fluoranthene 70 119 189

  Fluorene 16 12 27

  Indeno[123cd]pyrene 20 78 98

  Phenanthrene 63 92 155

  Pyrene 75 109 184

 To estimate annual baywide loadings of elements and organic contaminants to the entirea

Chesapeake Bay, the annual site-specific wet and dry aerosol fluxes were averaged and
these two average fluxes were multiplied by the surface area of the Bay.
 Contribution of aluminum is considered to be entirely from natural sources (i.e., not emittedb

through human activities).

Source:  Baker et al. 1997. 
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HOHYDWHG�ZHW�GHSRVLWLRQ�PHDVXUHG�DW�WKH�+DYHQ�%HDFK�VLWH�LQ��������/RDGLQJV�RI�3$+V�UDQJH
IURP����NJ�\HDU�IRU�DQWKUDFHQH�WR�����NJ�\HDU�IRU�IOXRUDQWKHQH���7RWDO�3&%�ORDGLQJV�DUH�HVWLPDWHG
WR�EH����NJ�\HDU���,QWHUHVWLQJO\��IRU�PDQ\�RI�WKH�SROOXWDQWV�LQ�7DEOH�,9�����ZHW�GHSRVLWLRQ�DQG�GU\
DHURVRO�GHSRVLWLRQDO�IOX[HV�DSSHDU�WR�GHFUHDVH�EHWZHHQ������DQG��������:KHWKHU�WKLV�UHIOHFWV�D
UHDO�LQWHU�DQQXDO�YDULDWLRQ�RU�VLPSO\�UHVXOWV�IURP�DJJUHJDWLQJ�PHDVXUHPHQWV�IURP�GLIIHUHQW
ORFDWLRQV�LV�XQFOHDU�

7R�SODFH�WKHVH�ORDGLQJV�LQ�SHUVSHFWLYH��WKH\�DUH�FRPSDUHG�LQ�7DEOH�,9����WR�UHFHQW
HVWLPDWHV�RI�WUDFH�PHWDO�DQG�RUJDQLF�FRQWDPLQDQW�ORDGLQJV�GHOLYHUHG�WR�WKH�&KHVDSHDNH�%D\�E\
WKH�6XVTXHKDQQD�5LYHU��&RQNR�������)RVWHU�������*RGIUH\�HW�DO����������7KH�6XVTXHKDQQD�5LYHU�LV
WKH�ODUJHVW�WULEXWDU\�RI�WKH�&KHVDSHDNH�%D\��VXSSO\LQJ�DSSUR[LPDWHO\����SHUFHQW�RI�WKH
IUHVKZDWHU�LQIORZ�WR�WKH�HVWXDU\���$QQXDO�ULYHULQH�ORDGLQJV�RI�GLVVROYHG�DQG�SDUWLFXODWH�WUDFH
PHWDOV�DQG�RUJDQLF�FRQWDPLQDQWV�ZHUH�GHWHUPLQHG�E\�DQDO\]LQJ�IORZ�ZHLJKWHG�VDPSOHV
FROOHFWHG�DW�&RQRZLQJR��0DU\ODQG��EHWZHHQ�)HEUXDU\������DQG�-DQXDU\�������&RQNR�������)RVWHU
��������$WPRVSKHULF�GHSRVLWLRQ�GLUHFWO\�WR�WKH�VXUIDFH�ZDWHUV�RI�WKH�&KHVDSHDNH�%D\�VXSSOLHV
3$+�ORDGV�WKDW�DUH�FRPSDUDEOH�WR�RU�JUHDWHU�WKDQ�WKH�ORDGV�RI�GLVVROYHG�3$+V�GHOLYHUHG�E\�WKH
6XVTXHKDQQD�5LYHU��7DEOH�,9�������3DUWLFXODWH�ERXQG�RUJDQLF�FRQWDPLQDQWV�GLVFKDUJHG�IURP�WKH
ULYHU�GRPLQDWH�WKH�ORDGLQJ�RI�3$+V��ZLWK�D�ODUJH�FRQWULEXWLRQ�IURP�WKH�KLJK�VHGLPHQW�EXUGHQ
FDUULHG�E\�WKH�ULYHU�GXULQJ�KLJK�IORZV���'LVVROYHG�WRWDO�3&%�ORDGV�IURP�WKH�ULYHU�DUH
DSSUR[LPDWHO\�WKUHH�WLPHV�WKRVH�IURP�WKH�DWPRVSKHUH����$WPRVSKHULF�GHSRVLWLRQDO�IOX[HV�RI
VHYHUDO�HOHPHQWV��LQFOXGLQJ�OHDG��FDGPLXP��DQG�FKURPLXP��DUH�ZLWKLQ�D�IDFWRU�RI�WZR�RI�WKH
GLVVROYHG�ORDG�IURP�WKH�6XVTXHKDQQD�5LYHU���$JDLQ��SDUWLFXODWH�PHWDO�ORDGV�IURP�WKH�ULYHU
GRPLQDWH�RYHU�ERWK�GLVVROYHG�ULYHULQH�ORDGV�DQG�DWPRVSKHULF�GHSRVLWLRQ�

:KLOH�LW�LV�LQWHUHVWLQJ�WR�FRPSDUH�WKH�UHODWLYH�LPSRUWDQFH�RI�ULYHULQH�DQG�DWPRVSKHULF
VRXUFHV�RI�WUDFH�HOHPHQWV�DQG�RUJDQLF�FRQWDPLQDQWV�WR�WKH�&KHVDSHDNH�%D\��WKH�UHVXOWV�VKRXOG�EH
FDUHIXOO\�LQWHUSUHWHG���:KLOH�WKH�6XVTXHKDQQD�5LYHU�GHOLYHUV�ODUJH�TXDQWLWLHV�RI�WKHVH�VXEVWDQFHV
WR�WKH�%D\��PXFK�RI�WKLV�ORDG�LV�UHPRYHG�LQ�WKH�QRUWKHUQ�H[WUHPH�RI�WKH�%D\��+HO]�DQG�+XJJHWW
������DQG�LV�GHOLYHUHG�HSLVRGLFDOO\�GXULQJ�KLJK�ULYHU�IORZV���:KHWKHU�SDUWLFXODWH�ERXQG�PHWDOV
DQG�RUJDQLF�FRQWDPLQDQWV�DUH�EURNHQ�GRZQ�LQ�IRUPV�WKDW�FDQ�EH�WDNHQ�XS�E\�DTXDWLF�RUJDQLVPV
LV�TXLWH�XQFOHDU���,Q�FRQWUDVW��DWPRVSKHULF�GHSRVLWLRQ�GLUHFWO\�WR�WKH�ZDWHU
V�VXUIDFH�VXSSOLHV�WKHVH
WR[LFV�GLUHFWO\�WR�WKH�ZDWHU�FROXPQ��ZLWKRXW�DQ\�FRPSDUDEOH�]RQH�RI�HIILFLHQW�UHPRYDO���+RZHYHU�
LW�KDV�UHFHQWO\�EHHQ�VXJJHVWHG�WKDW�FRPEXVWLRQ�GHULYHG�3$+V�DVVRFLDWHG�ZLWK�DHURVRO�SDUWLFOHV
ZDVKHG�LQWR�WKH�VXUIDFH�ZDWHUV�E\�SUHFLSLWDWLRQ�DOVR�PD\�QRW�EH�EURNHQ�GRZQ��0F*URGG\�DQG
)DUULQJWRQ���������)LQDOO\��WKH�GLVWLQFWLRQ�EHWZHHQ�ULYHULQH�DQG�DWPRVSKHULF�ORDGLQJV�LV�QRW�FOHDU��
6RPH�IUDFWLRQ�RI�WKH�SROOXWDQW�LQSXW�IURP�WKH�WULEXWDULHV�UHVXOWV�IURP�GHSRVLWLRQ�RI�DWPRVSKHULF
SROOXWDQWV�WR�WKH�ZDWHUVKHG��ZLWK�VXEVHTXHQW�WUDQVPLVVLRQ�WKURXJK�WKH�YHJHWDWLRQ�DQG�VRLO�OD\HUV
LQWR�VXUIDFH�ZDWHUV��L�H���LQGLUHFW�ORDGLQJ���KRZHYHU��WKLV�LQSXW�FDQQRW�\HW�EH�TXDQWLILHG��

$5($6�2)�81&(57$,17<�$1'�:25.�81'(5:$<

%XLOGLQJ�RQ�WKH�H[LVWLQJ�&$$�UHTXLUHPHQWV��WKH�&KHVDSHDNH�%D\�3URJUDP
V�VWDWH�DQG
IHGHUDO�SDUWQHUV�ZLOO�IRFXV�WKHLU�HIIRUWV�RQ�LPSOHPHQWDWLRQ�RI�WKH�&KHVDSHDNH�%D\�%DVLQZLGH
7R[LFV�5HGXFWLRQ�DQG�3UHYHQWLRQ�6WUDWHJ\�FRPPLWPHQW�WR��HVWDEOLVK�D�PRUH�FRPSOHWH�EDVHOLQH
DQG�VRXUFH�LGHQWLILFDWLRQ�IRU�DWPRVSKHULF�GHSRVLWLRQ���DQG�VHW�D�UHGXFWLRQ�WDUJHW�IURP�WKDW
EDVHOLQH�WR�EH�DFKLHYHG�RYHU�WKH�QH[W�GHFDGH���&KHVDSHDNH�([HFXWLYH�&RXQFLO���������+RZHYHU�
WKHUH�DUH�VHYHUDO�UHPDLQLQJ�DUHDV�RI�XQFHUWDLQW\�WR�EH�DGGUHVVHG�UHODWHG�WR�DWPRVSKHULF
GHSRVLWLRQ�RI�WR[LF�FRQWDPLQDQWV�WR�&KHVDSHDNH�%D\���7ZR�VLJQLILFDQW�RQHV�DUH�
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TABLE IV-10
Relative Importance of Sources of Trace Metals and Organic Contaminants to Chesapeake Bay

Pollutant (kg/year)

Susquehanna River Load (kg/year) Atmospherica

Deposition  Load
bDissolved Particulate

Aluminum 2,560,000 64,800,000 1,340,000

Arsenic 12,600 ND 1,660

Cadmium 2,130 26,700 1,110

Chromium 4,130 111,000 3,060

Copper 47,800 151,000 9,200

Iron 4,100,000 40,000,000 799,000

Manganese 3,290,000 1,530,000 26,800

Nickel 121,000 65,200 13,300

Lead 6,530 38,600 12,500

Zinc 77,900 360,000 49,400

Total PCBs 97 68 37

PAHs

  Benz[a]anthracene 12 364 44

  Benzo[a]pyrene 5 436 53

  Chrysene 15 316 114

  Fluoranthene 108 1,020 189

  Fluorene 37 85 27

  Phenanthrene 63 388 155

  Pyrene 104 925 184

 Annual loads entering the Chesapeake Bay via the Susquehanna River, measured at Conowingo, Maryland, betweena

February 1994 and January 1995 by Foster (1995) for organic compounds and Conko (1995) for metals.
 Total atmospheric deposition loads directly to the surface of the Chesapeake Bay as measured by CBADS.b

Source:  Baker et al. 1997.

® 'U\�'HSRVLWLRQ���'U\�GHSRVLWLRQ�LV�YLHZHG�DV�DQ�LPSRUWDQW�PHFKDQLVP�E\�ZKLFK�FKHPLFDO
FRQWDPLQDQWV�DUH�GHSRVLWHG�RQWR�WKH�%D\
V�WLGDO�VXUIDFH�ZDWHUV�DQG�VXUURXQGLQJ
ZDWHUVKHG���$V�LV�WKH�FDVH�ZLWK�QLWURJHQ��WKHUH�DUH�QR�ZLGHO\�DFFHSWHG
WHFKQLTXHV�IRU�GLUHFW�PHDVXUHPHQW�RI�GU\�GHSRVLWLRQ�IOX[HV�RI�PHWDO�RU�RUJDQLF
FRQWDPLQDQWV���$OWKRXJK�QR�GLUHFW�PHDVXUHPHQWV�RI�GU\�GHSRVLWLRQ�GLUHFWO\�WR�WKH�%D\
H[LVW��GHSRVLWLRQDO�IOX[HV�KDYH�EHHQ�HVWLPDWHG�EDVHG�RQ�D�SDUWLFOH�VL]H�GHSHQGHQW
GHSRVLWLRQ�YHORFLW\�IXQFWLRQ�DSSOLHG�WR�GLUHFW�PHDVXUHPHQWV�RI�DHURVRO�FRQFHQWUDWLRQV�RI
PHWDOV�DQG�RUJDQLF�FKHPLFDO�FRQWDPLQDQWV���*LYHQ�WKH�DEVHQFH�RI�GLUHFW�PHDVXUHV�RI�GU\
GHSRVLWLRQ�IOX[HV��WKHUH�LV�PXFK�XQFHUWDLQW\�DVVRFLDWHG�ZLWK�WKHVH�ORDGLQJ�HVWLPDWHV�

® 7UDQVSRUW�WKURXJK�WKH�:DWHUVKHG���$WPRVSKHULF�GHSRVLWLRQ�RI�D�SROOXWDQW�FDQ�EH�D�GLUHFW
LQSXW�WR�WKH�%D\�VXUIDFH�ZDWHUV�RU�FDQ�EH�WUDQVSRUWHG�IURP�WKH�ZDWHUVKHG�E\�VXUIDFH
ZDWHU�DQG�JURXQGZDWHU�WR�WKH�%D\���7UDQVSRUWHG�ORDGV�DUH�D�FRPSRQHQW�RI�WKH�WRWDO
IOXYLDO��L�H���VXUIDFH�ZDWHU��LQSXW�IURP�WKH�ZDWHUVKHG�WR�WKH�%D\���7KH�GHJUHH�RI�ODQGVFDSH
UHWHQWLRQ�IRU�D�JLYHQ�VXEVWDQFH�LV�UHODWHG�WR�WKH�JHRPRUSKRORJ\��ODQG�XVH��EDVLF
K\GURORJLFDO�FKDUDFWHULVWLFV�XQLTXH�IRU�HDFK�ZDWHUVKHG��DQG�VRLO�FKHPLVWU\���/LPLWHG
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VWXGLHV�WR�GDWH�VXJJHVW�WKDW�WKH�GHJUHH�RI�ZDWHUVKHG�WKURXJKSXW�LV�UHODWLYHO\�VPDOO������
SHUFHQW�RI�WKH�UDWH�RI�UDLQIDOO�YROXPH����+RZHYHU��HYLGHQFH�WR�GDWH�VXJJHVWV�WKDW
ZDWHUVKHGV�VHUYH�DV�D�´UHVHUYRLUµ�IRU�DWPRVSKHULFDOO\�GHSRVLWHG�PHWDOV��RUJDQLFDOO\
ERXQG�PHWDOV�DUH�VHTXHVWHUHG�EXW�PD\�EH�HSLVRGLFDOO\�PRELOL]HG�E\�DFLGLF�SUHFLSLWDWLRQ��
%HFDXVH�RI�WKH�UHODWLYHO\�ODUJH�ZDWHUVKHG�WR�RSHQ�ZDWHU�VXUIDFH�DUHD�UDWLR�W\SLFDO�RI
FRDVWDO�SODLQ�HVWXDULHV�VXFK�DV�&KHVDSHDNH�%D\���������UHFHQW�HVWLPDWHV�IRU�QLWURJHQ�DQG
WUDFH�HOHPHQWV�VXJJHVW�WKDW�WKH�LQGLUHFW�DWPRVSKHULF�ORDGLQJ�PD\�EH�DV�VLJQLILFDQW�DV�WKH
GLUHFW�LQSXW���7KXV��ZKLOH�LW�KDV�EHHQ�SRVVLEOH�WR�TXDQWLI\�GLUHFW�DWPRVSKHULF�IOX[�ZLWK�D
IDLU�GHJUHH�RI�FRQILGHQFH��RQH�RI�WKH�SULPDU\�XQFHUWDLQWLHV�DVVRFLDWHG�ZLWK�UHVROYLQJ�WKH
WRWDO�DWPRVSKHULF�ORDGLQJ�WR�&KHVDSHDNH�%D\�LV�LQ�JDXJLQJ�WKH�LQGLUHFW�ORDGLQJ�DV�LW
UHODWHV�WR�WKH�ZDWHUVKHG�WUDQVPLVVLRQ�UHWHQWLRQ�IRU�WKH�P\ULDG�RI�VXE�EDVLQV��9DOLJXUD�HW
DO���������

7R�IXUWKHU�LPSURYH�H[LVWLQJ�HVWLPDWHV�RI�WKH�UHODWLYH�DWPRVSKHULF�GHSRVLWLRQ�FRQWULEXWLRQ
WR�WRWDO�FKHPLFDO�FRQWDPLQDQW�ORDGLQJV�WR�&KHVDSHDNH�%D\��WKH�IROORZLQJ�ZRUN�LV�XQGHUZD\���,Q
������WKH�8QLYHUVLW\�RI�'HODZDUH��LQ�FRRSHUDWLRQ�ZLWK�WKH�8�6��*HRORJLFDO�6XUYH\��LQLWLDWHG�D�SLORW
VWXG\�WR�LQYHVWLJDWH�WKH�WUDQVSRUW�RI�DWPRVSKHULFDOO\�GHSRVLWHG�WUDFH�HOHPHQWV�WKURXJK�D�SULVWLQH�
IRUHVWHG�ZDWHUVKHG�LQ�WKH�KHDGZDWHUV�RI�WKH�3RWRPDF�5LYHU��%HDU�%UDQFK���7KLV�VWXG\��IXQGHG�E\
WKH�0DU\ODQG�'HSDUWPHQW�RI�1DWXUDO�5HVRXUFHV
�3RZHU�3ODQW�5HVHDUFK�3URJUDP��KDV�WKH
IROORZLQJ�VSHFLILF�REMHFWLYHV�������WR�DFFXUDWHO\�GHWHUPLQH�WKH�ZHW�DQG�GU\�DWPRVSKHULF�WUDFH
HOHPHQW�ORDGV�LQWR�WKH�ZDWHUVKHG������WR�FRPSDUH�WKH�WRWDO�DWPRVSKHULF�ORDG�YHUVXV�IOXYLDO�RXWSXW
RI�WUDFH�PHWDOV�DQG�����WR�HVWLPDWH�WKH�WUDQVSRUW�RI�DWPRVSKHULFDOO\�GHSRVLWHG�WUDFH�HOHPHQWV
WKURXJK�WKH�ZDWHUVKHG�UHODWLYH�WR�WKH�WUDFH�PHWDOV�QDWXUDOO\�UHODSVHG�GXULQJ�ZHDWKHULQJ�RI�WKH
VRLO�DQG�URFN�ZLWKLQ�WKH�VWXG\�DUHD���7KH�%HDU�%UDQFK�ZDWHUVKHG�ZDV�FKRVHQ�DV�LW�KDV�EHHQ�ZHOO�
FKDUDFWHUL]HG�K\GURORJLFDOO\��LV�UHSUHVHQWDWLYH�RI�WKH�ODQG�XVH�LQ�WKH�3RWRPDF�EDVLQ�����SHUFHQW�RI
ZKLFK�LV�IRUHVWHG���DQG�SRVVHVVHV�DQ�XQUHDFWLYH�TXDUW]LWH�OLWKRORJ\�ZKLFK�VLPSOLILHV�LWV
JHRFKHPLFDO�ZHDWKHULQJ�EHKDYLRU���)XUWKHU�ZDWHUVKHG�WUDQVPLVVLRQ�VWXGLHV�EHJDQ�LQ�WKH�VSULQJ
RI������LQ�WKH�$SSDODFKLDQ�3ODWHDX�RI�:HVWHUQ�0DU\ODQG���:KLOH�WKH�UHVXOWV�RI�WKHVH�VWXGLHV�ZLOO
UHSUHVHQW�DQ�LQLWLDO�DWWHPSW�WR�TXDQWLI\�WKH�ZDWHUVKHG�UHWHQWLRQ�WUDQVSRUW�RI�DWPRVSKHULF�ORDGV�
IXUWKHU�ZRUN�LV�QHHGHG�WR�H[WHQG�WKH�VWXG\�WR�RWKHU�UHJLRQV�ZLWK�GLIIHULQJ�ODQG
XVH�JHRPRUSKRORJ\��LQ�RUGHU�WR�DFFXUDWHO\�GHWHUPLQH�DQ�LQWHJUDWHG��ED\ZLGH�ZDWHUVKHG
WUDQVSRUW�IDFWRU�

7KH�QH[W�VHFWLRQ�GHVFULEHV�SURJUDPV�LQ�RWKHU�FRDVWDO�ZDWHUV��DV�ZHOO�DV�UHVHDUFK�UHOHYDQW
WR�DWPRVSKHULF�GHSRVLWLRQ�LQ�WKHVH�FRDVWDO�ZDWHUV�
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,9�'��&RDVWDO�:DWHUV

$V�VWDWHG�SUHYLRXVO\��VHFWLRQ�����P��GHVLJQDWHV��FRDVWDO�ZDWHUV��DV�(3$
V�1DWLRQDO�(VWXDU\
3URJUDP��1(3��DQG�12$$
V�1DWLRQDO�(VWXDULQH�5HVHDUFK�5HVHUYH�6\VWHP��1(556��HVWXDULHV��
7KHVH�WZR�SURJUDPV�DQG�(3$
V�*XOI�RI�0H[LFR�3URJUDP�DUH�WKH�WKUHH�VLJQLILFDQW�FRDVWDO�ZDWHUV
SURJUDPV��RXWVLGH�WKH�&KHVDSHDNH�%D\�3URJUDP��HVWDEOLVKHG�LQ�WKH�ODVW�GHFDGH���$OWKRXJK�WKH
*XOI�LV�QRW�GHVLJQDWHG�E\�QDPH�XQGHU�VHFWLRQ�����P��RI�WKH�&$$�����HVWXDULHV�LQ�YDULRXV�ORFDWLRQV
VSDQQLQJ�WKH�*XOI�FRDVWOLQH�DUH�HLWKHU�1(3�RU�1(556��FXUUHQW�RU�SURSRVHG��GHVLJQDWHG�VLWHV�DQG�
WKXV��DUH�GHVLJQDWHG�*UHDW�:DWHUV�

7KH�1(3��1(556��DQG�*XOI�RI�0H[LFR�SURJUDPV�GLIIHU�LQ�SXUSRVH�DQG�SURFHGXUH��EXW
WKH\�DOO�VHUYH�WR�SURWHFW�DQG�UHVWRUH�WKH�QDWLRQ
V�YDOXDEOH�FRDVWDO�ZDWHU�UHVRXUFHV���7KH�UHPDLQGHU
RI�WKLV�VHFWLRQ�SURYLGHV�EDFNJURXQG�LQIRUPDWLRQ�RQ�HDFK�RI�WKHVH�SURJUDPV��IROORZHG�E\�D
GLVFXVVLRQ�RI�VWXGLHV�RI�DWPRVSKHULF�GHSRVLWLRQ�WR�FRDVWDO�ZDWHUV�DQG�IXWXUH�UHVHDUFK�QHHGV�

1DWLRQDO�(VWXDU\�3URJUDP

&RQJUHVV�HVWDEOLVKHG�WKH�1DWLRQDO�(VWXDU\�3URJUDP��1(3��LQ������XQGHU�VHFWLRQ�����RI
WKH�&OHDQ�:DWHU�$FW���7KURXJK�WKH�1(3��VWDWHV�QRPLQDWH�HVWXDULHV�RI�QDWLRQDO�VLJQLILFDQFH�WKDW
DUH�WKUHDWHQHG�RU�LPSDLUHG�E\�SROOXWLRQ��GHYHORSPHQW��RU�RYHUXVH���(3$�HYDOXDWHV�WKH
QRPLQDWLRQV�DQG�VHOHFWV�WKRVH�HVWXDULHV�IRU�ZKLFK�WKHUH�LV�HYLGHQFH�RI�SROLWLFDO�VXSSRUW��FLWL]HQ
DQG�JRYHUQPHQW�LQYROYHPHQW��ORFDO��VWDWH��UHJLRQDO��IHGHUDO���DQG�DYDLODEOH�VFLHQWLILF�DQG
WHFKQLFDO�LQIRUPDWLRQ�WR�DGGUHVV�WKH�LGHQWLILHG�SUREOHPV���)RU�WKH�VHOHFWHG�HVWXDULHV��(3$
FRQYHQHV�PDQDJHPHQW�FRQIHUHQFHV�ZLWK�UHSUHVHQWDWLYHV�IURP�DOO�FRQFHUQHG�JURXSV��H�J��
LQGXVWU\��DJULFXOWXUH��HQYLURQPHQWDO�RUJDQL]DWLRQV��VWDWH�DJHQFLHV��WR�PRUH�IXOO\�FKDUDFWHUL]H
SUREOHPV�DQG�VHHN�VROXWLRQV�WKURXJK�D�FROODERUDWLYH�GHFLVLRQ�PDNLQJ�SURFHVV���7KURXJK�WKHVH
FRQIHUHQFHV��&RPSUHKHQVLYH�&RQVHUYDWLRQ�DQG�0DQDJHPHQW�3ODQV��&&03V��DUH�GHYHORSHG��IRU
ZKLFK�(3$�SURYLGHV�XS�WR����SHUFHQW�RI�WKH�IXQGLQJ���(DFK�PDQDJHPHQW�FRQIHUHQFH�PXVW
FRPSOHWH�GHYHORSPHQW�RI�WKH�&&03�ZLWKLQ�WKUHH�WR�ILYH�\HDUV�RI�WKH�GDWH�WKH�FRQIHUHQFH�ZDV
FRQYHQHG���8SRQ�DSSURYDO�RI�WKH�&&03��DFWLRQ�SODQV�DUH�FDUULHG�RXW�E\�LPSOHPHQWDWLRQ
DJHQFLHV�LQYROYHG�ZLWK�GHYHORSPHQW�RI�WKH�SODQ�

7KH�SXUSRVH�RI�WKH�1(3�LV�WR�LGHQWLI\�QDWLRQDOO\�VLJQLILFDQW�HVWXDULHV��SURWHFW�DQG
LPSURYH�WKHLU�ZDWHU�TXDOLW\��DQG�HQKDQFH�WKHLU�OLYLQJ�UHVRXUFHV���7KH�1(3�FXUUHQWO\�LQFOXGHV���
HVWXDULHV��LQGLYLGXDOO\�FDOOHG�1(3V��UHSUHVHQWLQJ�D�ZLGH�VSHFWUXP�RI�HQYLURQPHQWDO�FRQGLWLRQV
�VHH�)LJXUH�,9�������%HFDXVH�WKHUH�DUH�RYHU�����HVWXDULHV�LQ�WKH�8QLWHG�6WDWHV�DQG�RQO\�D�VPDOO
IUDFWLRQ�FDQ�EH�WDUJHWHG�IRU�DFWLRQ�WKURXJK�WKH�1(3��WKH�1(3�LV�LQWHQGHG�WR�DFW�DV�D�QDWLRQDO
GHPRQVWUDWLRQ�SURJUDP��VXFK�WKDW�UHVXOWV�DQG�OHVVRQV�OHDUQHG�LQ�WKH�1(3�HVWXDULHV�DUH�VKDUHG
DQG�DSSOLHG�E\�SDUWLHV�FRQFHUQHG�ZLWK�RWKHU�HVWXDULHV�WKURXJKRXW�WKH�FRXQWU\���,W�VKRXOG�EH
HPSKDVL]HG�WKDW�WKH�1(3�LV�D�PDQDJHPHQW�SURJUDP�UDWKHU�WKDQ�D�UHVHDUFK�SURJUDP�DQG�UHOLHV
RQ�WKH�UHVHDUFK�RI�RWKHU�DJHQFLHV�DQG�LQVWLWXWLRQV�WR�VXSSRUW�LWV�ZRUN���7KH�GHYHORSPHQW�RI
VXSSRUW�QHWZRUNV�DQG�FRRSHUDWLRQ�EHWZHHQ�ORFDO��VWDWH��UHJLRQDO��DQG�IHGHUDO�DJHQFLHV�LV�RQH�RI
WKH�SURJUDP
V�JUHDWHVW�DVVHWV�

6HYHUDO�1(3V�KDYH�LGHQWLILHG�DWPRVSKHULF�GHSRVLWLRQ�RI�SROOXWDQWV�DV�D�FRQFHUQ�WR�WKH
KHDOWK�RI�WKHLU�HVWXDULHV���7KHVH�1(3V�KDYH�HLWKHU�LQLWLDWHG�VWXGLHV�RQ�WKH�FRQWULEXWLRQ�RI
DWPRVSKHULF�GHSRVLWLRQ�WR�DQQXDO�ORDGLQJV�IRU�QLWURJHQ�DQG�RU�RWKHU�SROOXWDQWV�RU�H[SUHVVHG
VHULRXV�LQWHUHVW�WR�(3$�LQ�FRQGXFWLQJ�VXFK�SURMHFWV���1LQH�1(3V�VXEPLWWHG�SURSRVDOV�WR�(3$�LQ
HDUO\������IRU�IXQGLQJ�XQGHU�VHFWLRQ�����P��RI�WKH�&$$���7R�GDWH��RQO\�WZR�1(3V��7DPSD�
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FIGURE IV-20
Locations of NEP and NERRS Sites
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%D\�DQG�*DOYHVWRQ�%D\��KDYH�UHFHLYHG�IXQGLQJ�XQGHU�VHFWLRQ�����P��WR�FRQGXFW�VXFK�ZRUN����
2WKHU�1(3V��&DVFR�%D\��'HODZDUH�%D\��/RQJ�,VODQG�6RXQG��0DVVDFKXVHWWV�%D\V��DQG�3HFRQLF
%D\��KDYH�LQLWLDWHG�H[SORUDWRU\�VWXGLHV�IXQGHG�E\�WKHLU�RZQ�SURJUDP�DQG�RWKHU�VRXUFHV��
$WPRVSKHULF�GHSRVLWLRQ�UHVHDUFK�UHODWHG�WR�WKH�1(3V�LV�GLVFXVVHG�ODWHU�LQ�WKLV�VHFWLRQ�

1DWLRQDO�(VWXDULQH�5HVHDUFK�5HVHUYH�6\VWHP

$QRWKHU�SURJUDP�HVWDEOLVKHG�WR�UHFRJQL]H�WKH�LPSRUWDQFH�RI�HVWXDULHV�LV�WKH�1DWLRQDO
(VWXDULQH�5HVHDUFK�5HVHUYH�6\VWHP��1(556���ZKLFK�ZDV�FUHDWHG�E\�&RQJUHVV�LQ������XQGHU�WKH
&RDVWDO�=RQH�0DQDJHPHQW�$FW�DQG�ZKLFK�RSHUDWHV�XQGHU�WKH�DXWKRULW\�RI�12$$���7KH�PLVVLRQ
RI�1(556�LV�WR�HVWDEOLVK�DQG�PDQDJH��WKURXJK�WKH�FRRSHUDWLRQ�RI�IHGHUDO��VWDWH��DQG�FRPPXQLW\
HIIRUWV��D�QDWLRQDO�V\VWHP�RI�HVWXDULQH�UHVHDUFK�UHVHUYHV�WKDW�DUH�UHSUHVHQWDWLYH�RI�YDULRXV�UHJLRQV
DQG�HVWXDU\�W\SHV�LQ�WKH�8QLWHG�6WDWHV��LQ�RUGHU�WR�SURYLGH�RSSRUWXQLWLHV�IRU�ORQJ�WHUP�UHVHDUFK�
HGXFDWLRQ��DQG�VWHZDUGVKLS�

7KH�SURFHVV�IRU�GHVLJQDWLQJ�DQG�PDLQWDLQLQJ�D�1(556�VLWH�LQFOXGHV�ILYH�PDLQ�DFWLYLWLHV�
DOO�RI�ZKLFK�PD\�EH�SDUWLDOO\�IXQGHG�E\�12$$�������SUHGHVLJQDWLRQ�SKDVH��LQFOXGHV�VHOHFWLRQ�RI
WKH�VLWH�E\�WKH�VWDWH�DQG��DIWHU�DSSURYDO�RI�WKH�VLWH�E\�12$$��SUHSDUDWLRQ�RI�D�GUDIW�DQG�ILQDO
PDQDJHPHQW�SODQ�DQG�HQYLURQPHQWDO�LPSDFW�VWXG\�DQG�FRPSOHWLRQ�RI�EDVLF�FKDUDFWHUL]DWLRQ
VWXGLHV�������DFTXLVLWLRQ�RI�ODQG�DQG�GHYHORSPHQW�DFWLYLWLHV������DIWHU�GHVLJQDWLRQ�DV�DQ�1(556
VLWH��LPSOHPHQWDWLRQ�RI�UHVHDUFK��HGXFDWLRQDO��DQG�UHVHDUFK�SURJUDPV�GHWDLOHG�LQ�WKH�UHVHDUFK
UHVHUYH�PDQDJHPHQW�SODQ������HVWXDULQH�UHVHDUFK�DQG�PRQLWRULQJ��DQG�����HGXFDWLRQDO�DQG
LQWHUSUHWLYH�DFWLYLWLHV��

&XUUHQWO\�����DUHDV�DUH�GHVLJQDWHG�DV�1(556�VLWHV��LQFOXGLQJ�SRUWLRQV�RI�&KHVDSHDNH�%D\
DQG�DVVRFLDWHG�ODQGV�LQ�0DU\ODQG�DQG�9LUJLQLD��VHH�6HFWLRQ�,9�&�IRU�D�GHWDLOHG�GLVFXVVLRQ�RI
&KHVDSHDNH�%D\����6L[�DGGLWLRQDO�1(556�VLWHV�KDYH�EHHQ�SURSRVHG�RU�DUH�LQ�WKH�EHJLQQLQJ�VWDJHV
RI�GHYHORSPHQW���6HH�)LJXUH�,9����IRU�WKH�ORFDWLRQ�RI�WKH�1(556�HVWXDULHV�

6WXGLHV�RQ�WKH�GLUHFW�FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�WR�1(556�ZDWHUV�DUH�OLPLWHG
DW�WKLV�WLPH���$YDLODEOH�LQIRUPDWLRQ�RQ�DWPRVSKHULF�GHSRVLWLRQ�UHVHDUFK�UHODWHG�WR�1(556�ZDWHUV
LV�SUHVHQWHG�ODWHU�LQ�WKLV�VHFWLRQ���)RU�H[DPSOH��WKH�LQGLUHFW�FRQWULEXWLRQ�RI�DWPRVSKHULFDOO\
GHSRVLWHG�QLWURJHQ�WR�:DTXRLW�%D\��0DVVDFKXVHWWV��WKURXJK�LWV�ZDWHUVKHG�KDV�EHHQ�HVWLPDWHG
DQG�PRGHOHG�DV�SDUW�RI�WKH�PXOWL�\HDU�:DTXRLW�%D\�(FRORJLFDO�5LVN�$VVHVVPHQW�&DVH�6WXG\
�12$$�DQG�0$�'(0�������8�6��(3$�����I��

*XOI�RI�0H[LFR�3URJUDP

7KH�*XOI�RI�0H[LFR�LV�D�YHU\�LPSRUWDQW�UHVRXUFH�WR�DOO�RI�1RUWK�$PHULFD���,WV�VXUIDFH�DUHD
LV�DERXW�����������NP ��ODUJH�HQRXJK�WR�FRYHU�RQH�ILIWK�RI�WKH�FRQWLQHQWDO�8QLWHG�6WDWHV���7KH�8�6��

SRUWLRQ�RI�WKH�*XOI
V�VKRUHOLQH�PHDVXUHV�RYHU�������NP�IURP�WKH�)ORULGD�.H\V�WR�WKH�5LR�*UDQGH��
7DNLQJ�LQWR�DFFRXQW�WKH�VKRUHOLQH�OHQJWK�RI�DOO�WKH�ED\V��HVWXDULHV�DQG�RWKHU�FRDVWDO�IHDWXUHV�RI
WKH�*XOI��LWV�HIIHFWLYH�VKRUHOLQH�OHQJWK�LV�DERXW�WHQ�WLPHV�WKDW�DPRXQW���7KH����PDMRU�HVWXDULHV
DORQJ�WKH�*XOI�FRDVW�DFFRXQW�IRU����SHUFHQW�RI�DOO�HVWXDULQH�DUHD�LQ�WKH����FRQWLJXRXV�VWDWHV��DQG
���SHUFHQW�RI�WKH�PDUVKHV���7KH�ZDWHUVKHG�RI�WKH�*XOI�LQFOXGHV�PRUH�WKDQ�WZR�WKLUGV�RI�WKH
FRQWLQHQWDO�8QLWHG�6WDWHV��SOXV�RQH�KDOI�RI�0H[LFR�DQG�SDUWV�RI�&DQDGD��*XDWHPDOD��DQG�&XED��
ZLWK�WKH�0LVVLVVLSSL�5LYHU�ZDWHUVKHG�DORQH�GUDLQLQJ�DERXW����SHUFHQW�RI�WKH�FRQWLQHQWDO�8QLWHG
6WDWHV�
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7KH�*XOI�RI�0H[LFR�3URJUDP��*03��ZDV�HVWDEOLVKHG�LQ������LQ�UHVSRQVH�WR�FLWL]HQV

FRQFHUQV�RYHU�GHFOLQHV�LQ�WKH�*XOI
V�ILVK��VKHOOILVK��DQG�ZLOGOLIH��WKH�TXDOLW\�RI�OLIH�LQ�PDQ\�FRDVWDO
FRPPXQLWLHV��WKH�QHHG�WR�SURWHFW�WKH�UHPDLQLQJ�YDOXDEOH�UHVRXUFHV�DQG�SUHYHQW�SUREOHPV�EHIRUH
WKH\�RFFXU��DQG�WR�IRUJH�D�SRVLWLYH�UHODWLRQVKLS�EHWZHHQ�HFRORJLFDO�KHDOWK�DQG�HFRQRPLF�YLWDOLW\
RI�WKH�*XOI�UHJLRQ���7KH�*03�LV�D�XQLTXH�RUJDQL]DWLRQ�WKDW�LQYROYHV�UHSUHVHQWDWLYHV�IURP
JRYHUQPHQW�DJHQFLHV��IHGHUDO��VWDWH��DQG�ORFDO���EXVLQHVV�DQG�LQGXVWU\��QRQ�SURILW�RUJDQL]DWLRQV
DQG�HGXFDWLRQDO�LQVWLWXWLRQV��DQG�LQWHUHVWHG�LQGLYLGXDOV�LQ�WKH�SURFHVV�RI�VHWWLQJ�HQYLURQPHQWDO
JRDOV�DQG�LPSOHPHQWLQJ�DFWLRQV�WR�DFKLHYH�WKRVH�JRDOV���7KH�DLP�LV�WR�IRVWHU�FRRUGLQDWLRQ�DQG
FRRSHUDWLRQ�DPRQJ�WKHVH�RUJDQL]DWLRQV�LQ�RUGHU�WR�UHGXFH�FRVWV�DQG�FRRUGLQDWH�DFWLRQV�

7KH�*03�LV�QRW�D�UHJXODWRU\�SURJUDP��EXW�UDWKHU�DQ�DSSURDFK�WR�HQYLURQPHQWDO
SURWHFWLRQ��VLPLODU�WR�WKH�&KHVDSHDNH�%D\�3URJUDP��WKDW�LV�IRXQGHG�RQ�WKH�SULQFLSOHV�RI�

& 3DUWQHUVKLS�DPRQJ�JRYHUQPHQW�DJHQFLHV��SULYDWH��DQG�QRQ�JRYHUQPHQW�LQWHUHVWV
WR�GHILQH�DQG�FKDUDFWHUL]H�FRQFHUQV�DQG�LPSOHPHQW�VROXWLRQV�

& 6RXQG�VFLHQFH�DQG�LQIRUPDWLRQ�DV�WKH�EDVLV�RI�LQIRUPHG�GHFLVLRQ�PDNLQJ�WR�JXLGH
DFWLRQV��DQG

& 3XEOLF�LQYROYHPHQW�WR�GHWHUPLQH�JRDOV��LGHQWLI\�VROXWLRQV��DQG�JHQHUDWH�WKH
FRQVHQVXV�QHHGHG�IRU�DFWLRQ�

6LQFH�LWV�EHJLQQLQJ��WKH�*03�KDV�PDGH�VLJQLILFDQW�SURJUHVV�LQ�HIIHFWLYHO\�LQYROYLQJ�D
EURDG�VSHFWUXP�RI�WKH�SXEOLF�LQ�GHILQLQJ�JRDOV�DQG�REMHFWLYHV�DQG�LQ�FKDUDFWHUL]LQJ�IXQGDPHQWDO
LVVXHV���7KH�IXQGDPHQWDO�JRDOV�RI�WKH�*03�DUH�WR�

& 3URWHFW�KXPDQ�KHDOWK�DQG�WKH�IRRG�VXSSO\�

& 0DLQWDLQ�DQG�LPSURYH�*XOI�KDELWDWV�WKDW�VXSSRUW�OLYLQJ�UHVRXUFHV��ILVK��VKHOOILVK�
DQG�ZLOGOLIH���DQG

& 0DLQWDLQ�DQG�HQKDQFH�WKH�VXVWDLQDELOLW\�RI�WKH�*XOI
V�OLYLQJ�UHVRXUFHV�

,Q�WKH�SDVW�IHZ�GHFDGHV��WKH�*XOI�RI�0H[LFR�KDV�EHHQ�GHJUDGHG��ODUJHO\�GXH�WR�QXWULHQW
HQULFKPHQW�DQG�KDELWDW�ORVV���7KH�FRQWULEXWLRQ�RI�DWPRVSKHULF�QLWURJHQ�WR�QXWULHQW�HQULFKPHQW�LV
QRW�ZHOO�XQGHUVWRRG�DQG�LV�SRVVLEO\�D�VLJQLILFDQW�FRQFHUQ���)HG�E\�QXWULHQW�HQULFKHG�ZDWHUV�RI�WKH
0LVVLVVLSSL�5LYHU��D�ODUJH�DUHD�RI�QHDU�ERWWRP�ZDWHUV�FRPPRQO\�EHFRPH�GHSOHWHG�LQ�R[\JHQ��RU
K\SR[LF���$W�LWV�SHDN��WKLV�DUHD��NQRZQ�DV�WKH��K\SR[LF�]RQH���FDQ�H[WHQG�RYHU�D��������NP �DUHD�

IURP�WKH�FRDVWDO�ZDWHUV�RI�WKH�0LVVLVVLSSL�5LYHU�'HOWD�RI�/RXLVLDQD�WR�WKRVH�RI�HDVWHUQ�7H[DV��
6WUHVVHV�WR�WKH�EHQWKLF��ERWWRP�GZHOOLQJ��FRPPXQLW\�KDYH�EHHQ�REVHUYHG�LQ�WKLV�]RQH��LQFOXGLQJ
PRUWDOLW\�RI�ODUJHU�QRQ�VZLPPLQJ�EHQWKLF�RUJDQLVPV���7KLV�DQG�RWKHU�SRVVLEOH�GLVUXSWLRQV�WR�WKH
IRRG�FKDLQ�WKUHDWHQ�WR�DIIHFW�WKH�FRPPHUFLDO�DQG�UHFUHDWLRQDO�ILVK�VSHFLHV�ZLWKLQ�WKH�K\SR[LF
DUHD���,Q�DGGLWLRQ�WR�WKH�/RXLVLDQD�6KHOI�K\SR[LF�]RQH�����RWKHU�FRDVWDO�DUHDV�LQ�WKH�*XOI�KDYH
H[SHULHQFHG�K\SR[LD�GXH�WR�LQFUHDVLQJ�QXWULHQW�FRQFHQWUDWLRQV�RU�ORDGV���(YDOXDWLRQ�RI
DWPRVSKHULF�GHSRVLWLRQ�RI�SROOXWDQWV�WR�WKH�*XOI�LV�GLVFXVVHG�EHORZ��LQFOXGLQJ�UHVHDUFK�LQ�1(3V
ORFDWHG�LQ�WKH�*XOI��DV�ZHOO�DV�WZR�VWXGLHV�FRQGXFWHG�LQ�WKH�*XOI�DV�D�ZKROH�
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Nitrogen Loadings to Coastal Waters

At least 40 studies around the world, the majority
of which have been published since 1990, have
addressed at least the direct loading component of
atmospheric nitrogen loadings.  However, the
measurement and modeling techniques used vary
considerably among individual studies, making
comparisons difficult.  Table IV-11 presents a summary
of selected studies performed along the East and Gulf
coasts of the United States that are comparable in
broad terms.  The two criteria for selecting these
studies were that the study results were either
published in a credible peer-reviewed journal or
advocated by a major management organization (e.g.,
an EPA NEP).  These studies can be divided into two
groups:  those that considered both direct and indirect
nitrogen loads and those that considered only direct
loads.  Data from these studies show that, in general,
the amount of atmospheric nitrogen input is related to
the size of the waterbody and its watershed.  To some
extent, the percent load from atmospheric deposition is
influenced by whether both direct and indirect
deposition were considered.

6WXGLHV�RI�$WPRVSKHULF�'HSRVLWLRQ�LQ�1(3�DQG�2WKHU�&RDVWDO�:DWHUV

0XQLFLSDO�DQG�LQGXVWULDO
ZDVWHZDWHU�GLVFKDUJHV�DQG�XUEDQ
UXQRII�VWRUP�VHZHU�LQSXWV�KDYH
KLVWRULFDOO\�EHHQ�FRQVLGHUHG�WKH�ODUJHVW
VRXUFHV�RI�SROOXWDQWV�WR�FRDVWDO�ZDWHUV��
5HFHQWO\��KRZHYHU��UHVHDUFKHUV�KDYH
EHJXQ�WR�LQYHVWLJDWH�WKH�UROH�RI
DWPRVSKHULF�GHSRVLWLRQ�DV�D�VRXUFH�RI
SROOXWDQWV�LQ�D�FRDVWDO�ZDWHUV��H�J���3DHUO
������������6FXGODUN�DQG�&KXUFK��������
$VVHVVLQJ�WKH�LPSDFW�RI�DWPRVSKHULF
GHSRVLWLRQ�RI�SROOXWDQWV�KDV�EHFRPH�D
SULRULW\�IRU�PDQ\�1(3V�DQG�RWKHU�FRDVWDO
ZDWHUVKHG�SURWHFWLRQ�SURJUDPV���7KHUH�LV
D�FOHDU�QHHG�WR�FKDUDFWHUL]H�WKH�W\SHV�
TXDQWLWLHV��DQG�VRXUFHV�RI�SROOXWDQWV�WKDW
DUH�EHLQJ�GLUHFWO\�DQG�LQGLUHFWO\
GHSRVLWHG�IURP�WKH�DWPRVSKHUH�LQWR�WKHVH
HVWXDULHV���5HFHQW�VWXGLHV�RQ�DWPRVSKHULF
GHSRVLWLRQ�WR�FRDVWDO�ZDWHUV�DUH�GLVFXVVHG
EULHIO\�EHORZ�DQG�DUH�SUHVHQWHG�LQ�7DEOHV
,9����DQG�,9������'DWD�DV�RI�'HFHPEHU
�����RQ�WKH�FRQWULEXWLRQ�RI�DWPRVSKHULF
GHSRVLWLRQ�WR�QLWURJHQ�ORDGLQJV�WR�&KHVDSHDNH�%D\�DQG�RWKHU�FRDVWDO�ZDWHUV�DUH�SUHVHQWHG�LQ
7DEOH�,9�����LQ�WKLV�WDEOH��LQIRUPDWLRQ�LV�SUHVHQWHG�ILUVW�IRU�&KHVDSHDNH�%D\�DQG�D�IHZ�UHODWHG
WULEXWDULHV��IROORZHG�E\�RWKHU�FRDVWDO�ZDWHUV�LQ�GHVFHQGLQJ�RUGHU�RI�WLGDO�ZDWHU�DUHD���'DWD�RQ�WKH
FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�ORDGLQJV�RI�WR[LF�SROOXWDQWV�LQ�FRDVWDO�ZDWHUV�DUH
SUHVHQWHG�LQ�7DEOH�,9�����WKH�FRDVWDO�ZDWHUV�DUH�OLVWHG�LQ�JHRJUDSKLFDO�RUGHU�FORFNZLVH�IURP�WKH
QRUWKHDVW�FRDVW�WR�WKH�QRUWKZHVW�FRDVW���,Q�JHQHUDO��WKH�VWXGLHV�GLVFXVVHG�EHORZ�KDYH�HYDOXDWHG
WKH�UHODWLYH�FRQWULEXWLRQ�RI�QLWURJHQ�DQG�RWKHU�SROOXWDQWV�RI�FRQFHUQ��DQG�GR�QRW�DWWHPSW�WR
LGHQWLI\�WKH�SDUWLFXODU�HPLVVLRQ�VRXUFHV�FRQWULEXWLQJ�WR�WKLV�SROOXWLRQ�

$V�PHQWLRQHG�DERYH��UHVHDUFK�RQ�DWPRVSKHULF�GHSRVLWLRQ�WR�7DPSD�%D\��)ORULGD��DQG
*DOYHVWRQ�%D\��7H[DV��KDV�EHHQ�FRQGXFWHG�XQGHU�WKH�*UHDW�:DWHUV�SURJUDP���7KH�7DPSD�%D\
DQG�*DOYHVWRQ�%D\�VWXGLHV�DUH�GLVFXVVHG�ILUVW��IROORZHG�E\�D�GHVFULSWLRQ�RI�RWKHU�VWXGLHV�RI
DWPRVSKHULF�GHSRVLWLRQ�WR�1(3�HVWXDULHV��L�H���WKRVH�WKDW�KDYH�EHHQ�IXQGHG�WKURXJK�VRXUFHV�RWKHU
WKDQ�(3$
V�*UHDW�:DWHUV�SURJUDP����,QLWLDO�REVHUYDWLRQV�IURP�WKHVH�VWXGLHV�VXJJHVW�WKDW�GLUHFW
DQG�LQGLUHFW�ORDGLQJV�IURP�DLU�GHSRVLWLRQ�PD\�EH�VLJQLILFDQW�VRXUFHV�RI�QLWURJHQ�DQG�WR[LF
SROOXWDQWV�WR�FRDVWDO�ZDWHUV�

7DPSD�%D\���$V�UHFHQWO\�DV�������DWPRVSKHULF�GHSRVLWLRQ�RI�QLWURJHQ��DLU�WR[LFV��DQG�RWKHU
SROOXWDQWV�ZDV�DVVXPHG�WR�KDYH�D�PLQLPDO�HIIHFW�RQ�ZDWHU�TXDOLW\�LQ�7DPSD�%D\���+RZHYHU�
EDVHG�RQ�D�PHWKRGRORJ\�GHYHORSHG�E\�WKH�(QYLURQPHQWDO�'HIHQVH�)XQG��)LVKHU�HW�DO��������
HDUO\�FDOFXODWLRQV�SURYLGHG�DQ�HDUO\�LQGLFDWLRQ�RI�OLNHO\�QLWURJHQ�ORDGLQJV�IURP�DWPRVSKHULF
GHSRVLWLRQ�LQ�7DPSD�DQG�*DOYHVWRQ�%D\V����
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TABLE IV-11
Estimates of Atmospheric Nitrogen Loadings to Selected Coastal Waters a

(in millions of kg)

Coastal Water Watershed Tidal Waters Watershed Load Sources Atmosphere Reference

Surface Area (km ) Direct Indirect Atmos. Total Total Load2

Deposition to Deposition to Load From Atmospheric From All % Load from
bWatershed Tidal Waters

Chesapeake Bay (MD/VA) 165,886 11,400 175 16 29 45 170 27 5

   Rhode River (MD) 33 4.9 — 0.005 — 0.005 0.012 40 6

   Choptank River (MD) 1,779 361 — 0.57 — 0.57 1.54 37 11

   Patuxent River (MD) 2,393 137 — 0.22 — 0.22 12.6 13 11

   Potomac River (MD) 29,940 1,210 — 1.9 — 1.9 35.5 5 11

New York Bight (NY/NJ) 50,107 38,900 69 54 8 62 164 38 1c

Albemarle-Pamlico Sound (NC) 59,197 7,754 �39 3.3 6.7 10 23 44 4

Long Island Sound (NY/CT) 43,481 4,820 43 5 6 11 60 20 3

Massachusetts Bays (MA) — 3,700 — 1.6-6 — 1.6-6 22-30 5-27 15

Delaware Bay (DE) 36,905 1,846 53 3 5 8 54 15 2

Tampa Bay (FL) 6,216 1,031 — 1.1 — 1.1 3.8 28 14

Guadalupe Estuary (TX) — 551 — 0.31 — 0.31 4.2-15.9 2-8 13

Narragansett Bay (RI) 4,708 328 4.2 0.3 0.3 0.6 5 12 1

— 0.4 — 0.4 9 4 12

Newport River Coastal Waters (NC) 340 225-1,600 — 0.095-0.68 — 0.095-0.68 0.27-0.85 36-80 4

Sarasota Bay (FL) 524 135 — 0.16 — 0.16 0.6 26 10

Delaware Inland Bays (DE) 800 83 — 0.28 — 0.28 1.3 21 9

Flanders Bay (NY) 83 39 — 0.027 — 0.027 0.36 7 8

Waquoit Bay (MA) �70 �8 0.062 — 0.0065 0.0065 0.022 29 7

 Estimates as of December 1995.a

 (1) Hinga et al. 1991; (2) Scudlark and Church 1993; (3) Long Island Sound Study; (4) Paerl and Fogel 1994; (5) Linker et al. 1993; (6) Correll and Ford 1982; (7) Valiela et al.b

1996; (8) Peconic Bay NEP; (9) Delaware Bays NEP; (10) Sarasota Bay NEP 1995; (11) Boynton et al. 1995; (12) Nixon et al. 1995; (13) Brock et al 1995; (14) Tampa Bay NEP,
Zarbock et al. 1994; (15) Massachusetts Bays NEP 1996.
 New York Bight extends from Cape May, New Jersey, to Long Island Sound.c

Source:  Adapted from Valigura et al. 1996.
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TABLE IV-12
Studies of Atmospheric Loadings of Toxic Pollutants to NEP Coastal Waters

Coastal Water Evaluated for the Great Waters Pollutants of Concern Reference
Pollutants of Concern Relative Contribution of Atmospheric Deposition

a

Massachusetts Bays (MA) PAHs, PCBs, cadmium, lead, Direct atmospheric deposition estimated to contribute: PAHs, Menzie-Cura &
mercury 9-46%; PCBs, 28-82%; cadmium, 17-31%; lead, 39-45%; Associates 1991

mercury, 4-13%.

Narragansett Bay (RI) PCBs, PAHs Direct atmospheric deposition found to contribute 3% of Latimer 1997b

PCBs and 12% of PAHs.

New York-New Jersey Harbor Cadmium, lead, mercury, PCBs, Atmospheric deposition identified as a significant contributor NY-NJ Harbor
Estuary and Bight dioxins, PAHs, various pesticides to total pollutant loading for lead (39-54%), but may have NEP 1995
(NY/NJ) been over-estimated.  For other pollutants, either

atmospheric deposition was insignificant or estimates were
not developed.

Delaware Bay (DE/NJ/PA) Lead, mercury, PCBs, various Atmospheric deposition (both direct and indirect) found to be Frithsen et al.b

pesticides, volatile organic a significant source of mercury (80%) and PCBs (34%).  For 1995b
compounds (VOCs) lead, atmospheric deposition contributed less than 5%.  For

other pollutants, either atmospheric deposition was
insignificant or estimates were not developed.

Tampa Bay (FL) Cadmium, lead, mercury, Direct and indirect atmospheric deposition identified as a Frithsen et al.
chlordane, DDT, dieldrin, PCBs, significant contributor of cadmium (46%), lead (12%), and 1995a
PAHs PCBs , but not a significant source of chlordane, DDT,c

dieldrin, or mercury (1% each).  Estimates for PAHs were not
developed.

Cadmium, lead, mercury, On-going study - no results yet. U.S. EPA 1995f
chlordane, DDT, dieldrin, PCBs,
PAHs

Galveston Bay (TX) PAHs, PCBs, selected pesticides, On-going study - no results yet. U.S. EPA 1995g
lead, cadmium, mercury

Santa Monica Bay (CA) PAHs, metals, chlorinated Atmospheric deposition was estimated to be a significant SMBRP 1994
organics source of lead and PAHs.

 For a discussion of other pollutants evaluated, study methods, and uncertainties, see referenced study.a

 These NEPs also are NERRS designated sites.b

 Estimates of PCB loadings could be made for atmospheric deposition only; therefore, a relative comparison to other sources could not be made.c
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$�UHFHQW�VWXG\�RI�QXWULHQW��L�H���QLWURJHQ�DQG�SKRVSKRUXV��DQG�VXVSHQGHG�VROLGV�ORDGLQJV
FRQGXFWHG�IRU�WKH�7DPSD�%D\�1(3�VXJJHVWV�WKDW�GLUHFW�DWPRVSKHULF�GHSRVLWLRQ�RI�QLWURJHQ�WR�WKH
WLGDO�ZDWHUV�RI�7DPSD�%D\�LV�WKH�VHFRQG�ODUJHVW�VRXUFH�RI�QLWURJHQ�HQWHULQJ�WKH�%D\��FRQWULEXWLQJ
XS�WR����SHUFHQW�RI�WKH�WRWDO�QLWURJHQ�ORDG��=DUERFN�HW�DO����������7KH�ODUJHVW�VRXUFH�RI�QLWURJHQ�
DFFRUGLQJ�WR�WKDW�VWXG\��LV�XUEDQ�VWRUP�ZDWHU�UXQRII���$�SRUWLRQ�RI�WKH�QLWURJHQ�HQWHULQJ�WKH�%D\
IURP�XUEDQ�VWRUP�UXQRII�UHSUHVHQWV�DWPRVSKHULFDOO\�GHSRVLWHG�QLWURJHQ�WR�LPSHUYLRXV�VXUIDFHV
VXFK�DV�SDYHG�URDGV�DQG�VLGHZDONV���7KHVH�VWXGLHV�SURPSWHG�WKH�7DPSD�%D\�1(3�WR�UHYLVH�LWV
&&03�WR�FRQVLGHU�DWPRVSKHULF�GHSRVLWLRQ�LVVXHV�

$QRWKHU�VWXG\��FRQGXFWHG�E\�WKH�7DPSD�%D\�1(3��)ULWKVHQ�HW�DO������D���LQYHVWLJDWHG�WKH
FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�UHODWLYH�WR�SRLQW�VRXUFHV��XUEDQ�UXQRII��DQG�RWKHU
QRQSRLQW�VRXUFHV�IRU�VSHFLILF�FKHPLFDO�FRQWDPLQDQWV�RI�FRQFHUQ���7KH�FRQWDPLQDQWV��ZKLFK�ZHUH
VHOHFWHG�EDVHG�RQ�WKHLU�SRWHQWLDO�IRU�WR[LF�HIIHFWV�DQG�WKHLU�FRQFHQWUDWLRQV�REVHUYHG�LQ�VHGLPHQW
VDPSOHV��LQFOXGHG���VL[�PHWDOV��FDGPLXP��FKURPLXP��FRSSHU��OHDG��PHUFXU\��DQG�]LQF���IRXU
RUJDQRFKORULQH�SHVWLFLGHV��FKORUGDQH��''7��GLHOGULQ��DQG�HQGULQ���DQG�WZR�FODVVHV�RI�RUJDQLF
FKHPLFDOV��SRO\FKORULQDWHG�ELSKHQ\OV��3&%V��DQG�SRO\F\FOLF�DURPDWLF�K\GURFDUERQV��3$+V�����,Q
DGGLWLRQ��ORDGLQJV�ZHUH�HVWLPDWHG�IRU�DUVHQLF�DQG�LURQ�EHFDXVH�RI�WKH�SRWHQWLDO�RI�WKHVH�FKHPLFDOV
KDYH�IRU�HQYLURQPHQWDO�KDUP�RU�LQWHUDFWLRQ�ZLWK�FRQWDPLQDQWV�RI�FRQFHUQ�WKURXJK�FKHPLFDO
SURFHVVHV���%HFDXVH�WKH�VWXG\�XVHG�QXPHURXV�LQIRUPDWLRQ�VRXUFHV��UHSUHVHQWLQJ�D�ZLGH�UDQJH�RI
VSDWLDO�DQG�WHPSRUDO�FRQGLWLRQV��D�JUHDW�GHDO�RI�XQFHUWDLQW\�H[LVWV�UHJDUGLQJ�WKH�DEVROXWH
HVWLPDWHV�RI�DWPRVSKHULFDOO\�GHSRVLWHG�FKHPLFDO�FRQWDPLQDQWV�WR�7DPSD�%D\���6WXG\�UHVXOWV�DUH
LQWHQGHG�WR�HVWDEOLVK�WKH�UHODWLYH�PDJQLWXGHV�RI�GLIIHUHQW�FODVVHV�RI�VRXUFHV�LQ�RUGHU�WR�VHW
SULRULWLHV�IRU�PRUH�GHWDLOHG�UHVHDUFK�DQG�PRQLWRULQJ�DFWLYLWLHV���6RPH�JHQHUDO�FRQFOXVLRQV�
KRZHYHU��DUH�DSSDUHQW�

& &RQWDPLQDQW�LQSXWV�WR�7DPSD�%D\�IURP�UXQRII�DQG�WUDQVIHU�RI�DWPRVSKHULFDOO\
GHSRVLWHG�FRQWDPLQDQWV�WR�WKH�ZDWHUVKHG��L�H���LQGLUHFW�ORDGLQJ��DUH�DSSUR[LPDWHO\
WZR�WKLUGV�WKH�FRQWULEXWLRQ�RI�FRQWDPLQDQW�LQSXWV�IURP�GLUHFW�GHSRVLWLRQ�WR�WLGDO
ZDWHUV��L�H���GLUHFW�ORDGLQJ��

& $WPRVSKHULF�GHSRVLWLRQ�FRQWULEXWHV�D�VL]HDEOH�SHUFHQWDJH�WR�WRWDO�DQQXDO�ORDG�IRU
WKH�IROORZLQJ�PHWDOV���FDGPLXP��������FRSSHU��������FKURPLXP��������OHDG
�������DQG�LURQ�������

& $WPRVSKHULF�GHSRVLWLRQ�RI�PHUFXU\�LV�DURXQG���NJ�\U�DQG�DWPRVSKHULF�GHSRVLWLRQ
RI�SHVWLFLGHV�LV�HVWLPDWHG�DV����NJ�\U��HDFK�UHSUHVHQWLQJ�DERXW�RQH�SHUFHQW�RI�WKH
WRWDO�ORDG��DQG�

& $WPRVSKHULF�GHSRVLWLRQ�LV�WKH�RQO\�SDWKZD\�WKDW�FRQWULEXWHG�D�PHDVXUDEOH
DPRXQW�RI�3&%V��HVWLPDWHG�DV�D�PLQLPXP�WRWDO�ORDG�RI����NJ�\U���1R�HVWLPDWH
FRXOG�EH�GHYHORSHG�IRU�3$+V�XVLQJ�DYDLODEOH�GDWDVHWV�

2QJRLQJ�PRQLWRULQJ��GHVFULEHG�EHORZ��FRQGXFWHG�E\�WKH�7DPSD�%D\�1(3��ORFDO�JRYHUQPHQWV�
DQG�RWKHU�FROODERUDWRUV�ZLOO�EHWWHU�GHILQH�WKH�VSDWLDO�GLVWULEXWLRQ�RI�DWPRVSKHULFDOO\�GHSRVLWHG
FKHPLFDO�FRQWDPLQDQWV�DQG�QLWURJHQ�WKURXJKRXW�WKH����PDMRU�EDVLQV�RI�7DPSD�%D\�DQG�LWV
ZDWHUVKHG�DV�ZHOO�DV�WKH�UHODWLYH�FRQWULEXWLRQV�RI�ORFDO��UHJLRQDO��DQG�JOREDO�HPLVVLRQ�VRXUFHV�
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$Q�RQJRLQJ�FRRSHUDWLYH�VWXG\�DGPLQLVWHUHG�E\�WKH�7DPSD�%D\�1(3�ZLOO�VXEVWDQWLDOO\
H[SDQG�DLU�WUDQVSRUW�DQG�GHSRVLWLRQ�PRQLWRULQJ�DQG�PRGHOLQJ�SURMHFWV�LQ�DQ�HIIRUW�WR�GHYHORS
QDWLRQDOO\�UHFRJQL]HG�TXDQWLWDWLYH�DVVHVVPHQWV�IRU�LPSRUWDQW�DLU�GHSRVLWLRQ�SDUDPHWHUV���1RZ�LQ
LWV�VHFRQG�\HDU�RI�RSHUDWLRQ��WKH�7DPSD�%D\�$WPRVSKHULF�'HSRVLWLRQ�6WXG\��7%$'6��LQYROYHV
(3$
V�*UHDW�:DWHUV�SURJUDP��WKH�ORFDO�JRYHUQPHQWV�LQ�+LOOVERURXJK��3LQHOODV��DQG�0DQDWHH
&RXQWLHV��WKH�)ORULGD�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ��WKH�6RXWKZHVW�)ORULGD�:DWHU�0DQDJHPHQW
'LVWULFW��)ORULGD�6WDWH�8QLYHUVLW\��D�SULYDWH�FRQVXOWDQW��DQG�RWKHU�RUJDQL]DWLRQV���7%$'6�ZLOO
DWWHPSW�WR�GHWHUPLQH�������ZKDW�IUDFWLRQ�RI�WKH�QLWURJHQ�DQG�WR[LF�SROOXWDQWV�HPLWWHG�DQQXDOO\�E\
VSHFLILF�VRXUFHV�ZLWKLQ�WKH�7DPSD�%D\�ZDWHUVKHG�HQWHU�WKH�%D\�ZDWHUV��L�H���DUH�GHSRVLWHG�HLWKHU
RQWR�WKH�ZDWHU�VXUIDFH�GLUHFWO\�RU�RQWR�WKH�ZDWHUVKHG�DQG�VXEVHTXHQWO\�HQWHU�WKH�%D\�ZDWHUV
WKURXJK�UXQRII���DQG�����ZKDW�DUH�WKH�UHODWLYH�FRQWULEXWLRQV�RI�ORFDO�VRXUFHV��L�H��LQVLGH�WKH
ZDWHUVKHG��YHUVXV�UHPRWH�VRXUFHV��L�H��RXWVLGH�WKH�ZDWHUVKHG��WR�DWPRVSKHULFDOO\�GHSRVLWHG
QLWURJHQ�DQG�WR[LF�SROOXWDQWV�LQ�WKH�ZDWHUVKHG���3URMHFWV�WKDW�KDYH�EHHQ�LQLWLDWHG�WR�DGGUHVV
HOHPHQWV�RI�WKLV�DLU�GHSRVLWLRQ�SURJUDP�LQFOXGH�

& ,QWHQVLYH�GDLO\�ZHW�DQG�GU\�GHSRVLWLRQ�PRQLWRULQJ�DW�*DQG\�6LWH��ORFDWHG�RQ
7DPSD�%D\
V�,QWHUSHQLQVXOD��IRU�QLWURJHQ�DQG�WR[LF�SROOXWDQWV�IRU�DQ�DGGLWLRQDO���
PRQWKV��\LHOGLQJ�WZR�\HDUV�RI�FRQWLQXRXV�GDWD�FROOHFWHG�DQG�DQDO\]HG�DFFRUGLQJ
WR�$,50R1�SURWRFRO�

& $SSOLFDWLRQ��ZLWK�WKH�)ORULGD�6WDWH�8QLYHUVLW\�&HQWHU�IRU�7URSLFDO�0HWHRURORJ\��RI
D�UHJLRQDO�DLU�PDVV�PRYHPHQW�PRGHO�GHYHORSHG�E\�3HQQV\OYDQLD�6WDWH�8QLYHUVLW\
�3HQQ�6WDWH�1&$5�0HVRVFDOH�0RGHO�9HUVLRQ����WR�LQYHVWLJDWH�DLU�WUDQVSRUW�DW�D
FRDUVH�JULG�IRU�WKH�VRXWKHDVWHUQ�8QLWHG�6WDWHV�ZKLOH�PDLQWDLQLQJ�D�PXFK�KLJKHU
UHVROXWLRQ�JULG�RYHU�WKH�7DPSD�%D\�DUHD�WR�HVWLPDWH�UHWHQWLRQ�WLPHV�IRU�DLU�PDVVHV
ZLWKLQ�WKH�ZDWHUVKHG�XQGHU�GLIIHUHQW�PHWHRURORJLFDO�FRQGLWLRQV��

& ,QWHJUDWLRQ�RI�12$$
V�3K\VLFDO�2FHDQRJUDSKLF�5HDO�7LPH�6\VWHP��32576�
0HWHRURORJLFDO�GDWD�FROOHFWHG�DW�VHYHUDO�RYHU�ZDWHU�VWDWLRQV��ZLWK�12$$�DQG�WKH
8QLYHUVLW\�RI�)ORULGD���DQG

& ,QWHQVLYH�VWRUPZDWHU�VDPSOLQJ�WR�PHDVXUH�VWRUPZDWHU�UXQRII��QLWURJHQ��DQG�WR[LF
FRQWDPLQDQW�FRQFHQWUDWLRQV�DQG�ORDGV�DW�XS�WR�IRXU�JDJHG�VXEEDVLQV���'DWD�ZLOO�EH
XVHG�WR�HVWLPDWH�WKH�UHODWLYH�FRQWULEXWLRQ�RI�DWPRVSKHULF�ORDGLQJ�WR�VWRUPZDWHU
IRU�GLIIHUHQW�ODQG�XVH�W\SHV��UHVLGHQWLDO��XUEDQ��LQGXVWULDO��DQG�RU�XUEDQ�SDUNV���LW
LV�H[SHFWHG�WKDW�WKLV�WUDQVIHU�FRHIILFLHQW�LQIRUPDWLRQ�ZLOO�EH�XVHIXO�QRW�RQO\�WR
7DPSD�%D\�DQG�)ORULGD��EXW�DOVR�WR�ZDWHUVKHGV�QDWLRQZLGH�

$Q�LPSRUWDQW�HOHPHQW�RI�WKH�7DPSD�%D\�DWPRVSKHULF�GHSRVLWLRQ�SURJUDP�LV�WKH�SDUWLFLSDWLRQ
DQG�FRRUGLQDWLRQ�RI�ORFDO�DQG�IHGHUDO�JRYHUQPHQW�SURJUDPV�DQG�VWDWH�DJHQFLHV�ZLWK�WKH�*UHDW
:DWHUV�SURJUDP�DQG�WKH�7DPSD�%D\�1(3�

*DOYHVWRQ�%D\���7KH�*UHDW�:DWHUV�SURJUDP�FRQGXFWHG�D�VFUHHQLQJ�DWPRVSKHULF
GHSRVLWLRQ�PRQLWRULQJ�SURJUDP�LQ�*DOYHVWRQ�%D\��7H[DV��ZKLFK�ZDV�FKRVHQ�DV�WKH�VLWH�WR
HVWDEOLVK�PRQLWRULQJ�IRU�WKH�7H[DV�5HJLRQDO�,QWHJUDWHG�$WPRVSKHULF�'HSRVLWLRQ�6WXG\��75,$'6�
DV�D�UHSUHVHQWDWLYH�RI�D�*XOI�RI�0H[LFR�HVWXDU\���0RQLWRULQJ�DW�WKH�75,$'6�VLWH�EHJDQ�LQ�)HEUXDU\
�������7R�IDFLOLWDWH�FRPSDUDELOLW\��WKH�VDPSOLQJ�DQG�DQDO\WLFDO�GHVLJQ�RI�75,$'6�LV�VLPLODU�WR�WKDW
RI�H[LVWLQJ�PRQLWRULQJ�VLWHV�LQ�WKH�*UHDW�/DNHV�DQG�&KHVDSHDNH�%D\���7KH�JRDOV�RI�WKLV�VWXG\�DUH
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WR�HYDOXDWH�WKH�FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�RI�VHOHFWHG�FRQWDPLQDQWV�WR�WKH�%D\�DQG
WR�HYDOXDWH�ORQJ�UDQJH�WUDQVERXQGDU\�WUDQVSRUW�RI�FRQWDPLQDQWV���3ROOXWDQWV�PHDVXUHG�LQFOXGH
FDGPLXP��OHDG��PHUFXU\��QLWURJHQ��3$+V��3&%V��DQG�VHOHFWHG�SHVWLFLGHV���5HVXOWV�IURP�75,$'6
FRPSOHPHQW�DQG�DGG�WR�GDWD�IURP�RWKHU�LQYHVWLJDWLRQV�LQ�*DOYHVWRQ�%D\��LQFOXGLQJ�VWXGLHV�E\
WKH�*DOYHVWRQ�%D\�1(3��(3$
V�(QYLURQPHQWDO�0RQLWRULQJ�DQG�$VVHVVPHQW��(0$3��SURJUDP�
12$$�1DWLRQDO�6WDWXV�DQG�7UHQGV��16	7��SURJUDP��DQG�VSHFLDO�XUEDQ�SROOXWDQW�VWXGLHV�LQ
+RXVWRQ��7H[DV���'DWD�IURP�WKHVH�SURJUDPV�DQG�WKH�75,$'6�GDWD�ZLOO�EH�XVHG�WR�HVWLPDWH�WKH
FXPXODWLYH��GLUHFW�DQG�LQGLUHFW�LPSDFWV�RI�DWPRVSKHULF�GHSRVLWLRQ�WR�SROOXWLRQ�RI�*DOYHVWRQ�%D\�

$OWKRXJK�HDUO\�FDOFXODWLRQV�VXJJHVWHG�WKDW�DWPRVSKHULF�GHSRVLWLRQ�FRXOG�EH�D�VLJQLILFDQW
FRQWULEXWRU�WR�QLWURJHQ�ORDGV�GHOLYHUHG�DQQXDOO\�WR�*DOYHVWRQ�%D\��WKH�UHOHYDQFH�RI�WKLV�ILQGLQJ
WR�WKH�KHDOWK�RI�WKH�HFRV\VWHP�IRU�*DOYHVWRQ�%D\�LV�QRW�DV�REYLRXV�DV�IRU�HLWKHU�&KHVDSHDNH�%D\
RU�7DPSD�%D\���:KLOH�DOO�WKUHH�HVWXDULHV�KDYH�H[SHULHQFHG�GHFOLQHV�LQ�VXEPHUJHG�DTXDWLF�YHJHWD�
WLRQ��6$9���VWXGLHV�RQ�6$9�LQ�*DOYHVWRQ�%D\�DUH�OLPLWHG�LQ�FRQWUDVW�WR�GRFXPHQWHG�FDVHV�RI�ODUJH�
VFDOH�FKDQJHV�LQ�RWKHU�PDMRU�HVWXDULHV��3XOLFK�HW�DO���������:KLOH�DWPRVSKHULF�QLWURJHQ�ORDGLQJ�PD\
FRQWULEXWH�WR�WKH�LQFLGHQFH�RI�K\SR[LD��RWKHU�IDFWRUV�DSSHDU�WR�EH�FDXVLQJ�WKLV�SKHQRPHQRQ��ZKLFK
LV�TXLWH�ORFDOL]HG�LQ�*DOYHVWRQ�%D\�FRPSDUHG�WR�LWV�PDQLIHVWDWLRQ�LQ�WKH�RWKHU�WZR�HVWXDULHV�

,Q�FRQWUDVW�WR�WKH�SHUFHLYHG�OLPLWHG�ELRORJLFDO�HIIHFWV�IURP�DWPRVSKHULF�GHSRVLWLRQ�RI
QLWURJHQ��SUHYLRXV�UHVHDUFK�KDV�VXJJHVWHG�WKDW�DWPRVSKHULF�GHSRVLWLRQ�RI�WR[LF�FRQWDPLQDQWV
PD\�EH�DIIHFWLQJ�ILVK�DQG�VKHOOILVK�LQ�*DOYHVWRQ�%D\��DQG�WKXV�FRQWULEXWLQJ�WR�KXPDQ�KHDOWK�ULVN��
$�SLORW�VWXG\�SHUIRUPHG�IRU�WKH�*DOYHVWRQ�%D\�1(3�GRFXPHQWHG�WKH�SUHVHQFH�RI�GLR[LQV��IXUDQV�
OHDG��PHUFXU\��3$+V��3&%V��DQG�SHVWLFLGHV�LQ�FHUWDLQ�VSHFLHV�RI�ILQILVK�DQG�VKHOOILVK��EXW�FRXOG�QRW
GHWHUPLQH�WKH�VRXUFHV�RI�WKHVH�FRQWDPLQDQWV��%URRNV�HW�DO����������0RQLWRULQJ�GDWD�IURP�WKH
75,$'6�VLWH�GHWHFWHG�WKH�SUHVHQFH�RI�DOO�WKHVH�FKHPLFDO�FRQWDPLQDQWV�LQ�DLU�VDPSOHV��VXJJHVWLQJ
WKDW�DWPRVSKHULF�GHSRVLWLRQ�PD\�EH�D�VLJQLILFDQW�VRXUFH��%DWWHOOH���������&RQWLQXHG�PRQLWRULQJ
ZLOO�HQDEOH�VFLHQWLVWV�DQG�PDQDJHUV�WR�PRUH�IXOO\�HYDOXDWH�WKLV�SUREOHP�DQG�GHWHUPLQH�WKH�UHOD�
WLYH�HIIHFW�RI�DWPRVSKHULF�GHSRVLWLRQ�YHUVXV�SRLQW�DQG�QRQSRLQW�VRXUFH�LQSXWV�LQWR�*DOYHVWRQ�%D\�

&DVFR�%D\���7KH�SULPDU\�SROOXWDQWV�RI�FRQFHUQ�IRU�DWPRVSKHULF�GHSRVLWLRQ�WR�&DVFR�%D\�
0DLQH��LQFOXGH�3$+V��3&%V��QLWURJHQ��SKRVSKRUXV��VXOIDWHV��SHVWLFLGHV��DQG�PHUFXU\�DQG�RWKHU
WUDFH�PHWDOV���5HFHQW�VHGLPHQW�VWXGLHV�KDYH�IRXQG�HOHYDWHG�FRQFHQWUDWLRQV�RI�VRPH�SROOXWDQWV��L�H��
FDGPLXP��OHDG��PHUFXU\��3$+V��3&%V��VLOYHU��DQG�]LQF��QHDU�SRSXODWLRQ�FHQWHUV�DQG�ZDVWH�GLV�
FKDUJHV��EXW�DOVR�REVHUYHG�HOHYDWHG�OHYHOV�LQ�UXUDO�HDVWHUQ�&DVFR�%D\�DZD\�IURP�WKHVH�NQRZQ
VRXUFHV��:DGH�HW�DO����������$�FLUFXODWLRQ�PRGHO�VWXG\�RI�WKH�%D\�GLG�QRW�FOHDUO\�LQGLFDWH�DQ\�SRV�
VLEOH�VRXUFHV�IRU�WKHVH�SROOXWDQWV��VXJJHVWLQJ�DWPRVSKHULF�GHSRVLWLRQ�DV�D�VLJQLILFDQW�VRXUFH��3HDUFH
HW�DO����������:KLOH�HOHYDWHG�OHYHOV�RI�OHDG�IRXQG�LQ�&DVFR�%D\�VHGLPHQWV�ZHUH�UHODWLYHO\�QHDU�SRWHQ�
WLDO�VRXUFHV��HOHYDWHG�OHYHOV�RI�FDGPLXP�ZHUH�IRXQG�IDU�IURP�DQ\�NQRZQ�ORFDO�VRXUFH���$�GHSRVLWLRQ
VWXG\�ZRXOG�SURYLGH�HPSLULFDO�YHULILFDWLRQ�RI�SURFHVVHV�EHOLHYHG�WR�EH�RFFXUULQJ�DW�&DVFR�%D\�

'HODZDUH�%D\���,Q�'HODZDUH�%D\��VWXGLHV�KDYH�VKRZQ�WKDW�GLUHFW�DQG�LQGLUHFW
DWPRVSKHULF�GHSRVLWLRQ�SURYLGH����SHUFHQW�RI�WKH�DQQXDO�QLWURJHQ�LQSXW��LQFUHDVLQJ�WR����SHUFHQW
LQ�ODWH�VSULQJ�DQG�HDUO\�VXPPHU��6FXGODUN�DQG�&KXUFK���������7KH�UHODWLYH�QLWURJHQ�ORDGLQJ�LV
VOLJKWO\�ORZHU�WKDQ�REVHUYHG�LQ�QHDUE\�&KHVDSHDNH�%D\�����SHUFHQW���DQG�PXFK�ORZHU�WKDQ�LQ�WKH
'HODZDUH�,QODQG�%D\V��5HKRERWK�DQG�,QGLDQ�5LYHU�%D\V��ZKHUH�GLUHFW�DWPRVSKHULF�GHSRVLWLRQ
DORQH�FRQWULEXWHV����SHUFHQW�RI�WKH�WRWDO�QLWURJHQ�ORDG��&HUFR�HW�DO����������7KH�FRQWULEXWLRQ�WR�WKH
'HODZDUH�%D\�LV�ORZHU�EHFDXVH�RI�KLJKHU�SRLQW�VRXUFH�QLWURJHQ�ORDGLQJ�WR�'HODZDUH�%D\�DQG�WKH
LQIOXHQFH�RI�D�KLJKO\�XUEDQL]HG�ZDWHUVKHG��
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Hypoxia Conference

A conference was convened in 1996 in
response to the hypoxia problem in the Gulf of
Mexico.  Topics addressed included:

& Characterization of the hypoxic zone;
& Economic impacts and trends in fisheries

attributable to the hypoxia;
& Causes of the hypoxic zone;
& Sources and delivery of nutrients in the

watershed, including atmospheric deposition;
& Current efforts to control nutrient loads; and
& Information and policy required for action.

$V�SDUW�RI�D�'HODZDUH�(VWXDU\�3URJUDP�VWXG\�WR�HVWLPDWH�FRQWDPLQDQW�LQSXWV�
DWPRVSKHULF�GHSRVLWLRQ�ZDV�IRXQG�WR�EH�D�VLJQLILFDQW�VRXUFH�RI�PHUFXU\�����SHUFHQW��DQG�3&%V
����SHUFHQW���)ULWKVHQ�HW�DO������E����$V�LV�WKH�FDVH�LQ�RWKHU�UHJLRQV��PRUH�UHVHDUFK�LV�ZDUUDQWHG�RQ
DWPRVSKHULF�LQSXWV�RI�PHUFXU\�DQG�WKH�UHVXOWLQJ�HIIHFWV�RQ�HVWXDULQH�DQG�KXPDQ�KHDOWK���7R
HYDOXDWH�WKH�HIIHFW�DWPRVSKHULF�GHSRVLWLRQ�RI�PHUFXU\�KDV�RQ�WKH�'HODZDUH��5HKRERWK��DQG
,QGLDQ�5LYHU�HVWXDULHV��D�SUHFLSLWDWLRQ�PRQLWRULQJ�VWDWLRQ�ZDV�HVWDEOLVKHG�DW�/HZHV��'HODZDUH��LQ
�����LQ�FRQMXQFWLRQ�ZLWK�(3$
V�1DWLRQDO�$WPRVSKHULF�'HSRVLWLRQ�3URJUDP�0HUFXU\�'HSRVLWLRQ
1HWZRUN�

*XOI�RI�0H[LFR���,W�LV�SUREDEOH�WKDW
VLJQLILFDQW�DPRXQWV�RI�QLWURJHQ�DUH�GHSRVLWHG
LQWR�WKH�0LVVLVVLSSL�5LYHU�%DVLQ�YLD
DWPRVSKHULF�GHSRVLWLRQ��EXW�WKHUH�KDV�EHHQ
OLWWOH�LQYHVWLJDWLRQ�FRQGXFWHG�UHJDUGLQJ
DWPRVSKHULF�QLWURJHQ�DV�D�VRXUFH�RI�QLWURJHQ
IRU�WKH�0LVVLVVLSSL�5LYHU�GUDLQDJH�EDVLQ��
6RPH�EDVLF�HVWLPDWHV�XVLQJ�1DWLRQDO
$WPRVSKHULF�'HSRVLWLRQ�3URJUDP��1$'3�
GDWD�ZHUH�SURYLGHG�DW�D�+\SR[LD�&RQIHUHQFH
KHOG�E\�WKH�*XOI�RI�0H[LFR�3URJUDP�LQ
$XJXVW��������7KHVH�HVWLPDWHV�VKRZHG
VLJQLILFDQW�YDULDELOLW\�LQ�TXDQWLW\�RI
DWPRVSKHULFDOO\�GHSRVLWHG�QLWURJHQ��ZLWK�D
UDQJH�RI������PLOOLRQ�WR������PLOOLRQ�WRQV���7KLV
YDULDELOLW\�LV�GXH�WR�GLIIHULQJ�DVVXPSWLRQV�RI�ZKDW�DWPRVSKHULF�QLWURJHQ�LQSXW�VRXUFHV�VKRXOG�EH
LQFOXGHG��ZKDW�IRUPV�RI�GHSRVLWLRQ�VKRXOG�EH�PHDVXUHG��H�J���GU\�GHSRVLWLRQ���DQG�ZKDW�QLWURJHQ
FRPSRXQGV�VKRXOG�EH�DQDO\]HG��H�J���DPPRQLXP����$W�WKH�KLJK�HQG��DWPRVSKHULF�QLWURJHQ�ZRXOG
EH�RQ�SDU�ZLWK�DQLPDO�PDQXUH��UDQNLQJ�DV�WKH�VHFRQG�KLJKHVW�VRXUFH�RI�QLWURJHQ�LQSXW�WR�WKH�ZDWHU�
VKHG���$W�WKH�ORZHU�HQG��HVWLPDWHG�DWPRVSKHULF�QLWURJHQ�LQSXWV�ZRXOG�UDQN�DV�WKH�ILIWK�KLJKHVW
VRXUFH�RI�QLWURJHQ�LQSXW�IRU�WKH�ZDWHUVKHG���7KLV�ZLGH�YDULDELOLW\�LQ�HVWLPDWHG�TXDQWLW\�SRLQWV�WR
WKH�QHHG�IRU�IXUWKHU�DQG�PRUH�UHILQHG�HVWLPDWHV�RI�DWPRVSKHULF�QLWURJHQ�LQSXWV�WR�WKH�*XOI�

/RQJ�,VODQG�6RXQG���$�FKURQLF�SUREOHP�LQ�/RQJ�,VODQG�6RXQG�LV�WKH�ORZ�R[\JHQ�OHYHOV
�K\SR[LD��WKDW�DUH�REVHUYHG�GXULQJ�WKH�VXPPHU���$Q�HDUO\�VWXG\�QRWHG�WKDW�H[FHVV�QLWURJHQ
ORDGLQJ�ZDV�D�PDMRU�FDXVH�RI�K\SR[LD�DQG�HVWLPDWHG�WKDW�DWPRVSKHULF�ORDGLQJ�GLUHFWO\�WR�WKH
ZDWHU�VXUIDFH�FRQWULEXWHG���SHUFHQW�RI�WKH�WRWDO�QLWURJHQ�GHOLYHUHG�WR�WKH�6RXQG��/,6�6WXG\��������
$�ODWHU�VWXG\�SURGXFHG�HVVHQWLDOO\�WKH�VDPH�HVWLPDWH�IRU�WKH�WRWDO�FRQWULEXWLRQ�RI�GLUHFW
DWPRVSKHULF�GHSRVLWLRQ��EXW�GLYLGHG�LW�LQWR�WZR�FRPSRQHQWV���DQ�DPRXQW�IURP��QDWXUDO��VRXUFHV
�L�H���EDFNJURXQG�DSSUR[LPDWLQJ��DPRXQW�EHOLHYHG�WR�KDYH�EHHQ�GHOLYHUHG�WR�/RQJ�,VODQG�6RXQG
LQ�SUH�&RORQLDO�GD\V���DQG�DQ�DPRXQW�IURP��KXPDQ�LQGXFHG��VRXUFHV��/,6�6WXG\���������8VLQJ
PHDVXUHPHQWV�RI�ZHW�DQG�GU\�GHSRVLWLRQ�IURP�WZR�VLWHV�DORQJ�WKH�&RQQHFWLFXW�VKRUH��0LOOHU�HW�DO�
�������HVWLPDWHG�GLUHFW�DWPRVSKHULF�ORDGLQJV�WR�/RQJ�,VODQG�6RXQG���7KH�/RQJ�,VODQG�6RXQG
6WXG\�XVHG�WKHVH�GDWD�DQG�OLWHUDWXUH�YDOXHV�WR�GHYHORS�WKH�HVWLPDWHV�VKRZQ�LQ�7DEOH�,9�����DQG
FRQFOXGHG�WKDW��GLUHFW�DQG�LQGLUHFW��DWPRVSKHULF�GHSRVLWLRQ�PD\�EH�UHVSRQVLEOH�IRU����WR���
SHUFHQW�RI�WRWDO�QLWURJHQ�HQWHULQJ�WKH�6RXQG���

,Q�WKH�PRVW�UHFHQW�VWXG\��DOO�VRXUFHV�RI�QLWURJHQ��LQFOXGLQJ�DWPRVSKHULF�GHSRVLWLRQ��DUH
GLYLGHG�LQWR��QDWXUDO��DQG��KXPDQ�FDXVHG��FRPSRQHQWV��6WDFH\���������7KLV�VWXG\�FRQFOXGHG�WKDW
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DWPRVSKHULF�GHSRVLWLRQ�IURP�KXPDQ�DFWLYLWLHV�LQ�WKH�1HZ�<RUN�DQG�&RQQHFWLFXW�SRUWLRQV�RI�WKH
/RQJ�,VODQG�6RXQG�ZDWHUVKHG�DFFRXQWV�IRU������SHUFHQW�RI�WKH�WRWDO�HQULFKHG�RU��KXPDQ�FDXVHG�
ORDG���)XUWKHU�ZRUN�LV�QHFHVVDU\�WR�PRGHO�UHODWLRQVKLSV�DPRQJ�DLU�TXDOLW\��GLUHFW�DQG�LQGLUHFW
DWPRVSKHULF�GHSRVLWLRQ��DQG�UXQRII�FRQFHQWUDWLRQV�WR�UHFHLYLQJ�ZDWHUV�RI�WKH�6RXQG�

0DVVDFKXVHWWV�%D\V���,Q�RQH�0DVVDFKXVHWWV�%D\V�1(3�VWXG\��GLUHFW�DWPRVSKHULF
GHSRVLWLRQ�ZDV�HVWLPDWHG�WR�FRQWULEXWH���WR����SHUFHQW�RI�WRWDO�QLWURJHQ�ORDG�WR�0DVVDFKXVHWWV
%D\V��0HQ]LH�&XUD�	�$VVRFLDWHV���������,Q�DQRWKHU�0DVVDFKXVHWWV�%D\V�1(3�VWXG\��GLUHFW
DWPRVSKHULF�GHSRVLWLRQ�RI�QLWURJHQ�ZDV�HVWLPDWHG�WR�DFFRXQW�IRU���WR���SHUFHQW�RI�WRWDO�QLWURJHQ
ORDGLQJV�WR�WKH�%D\V��=HPED���������'LIIHUHQW�PHWKRGRORJLHV�ZHUH�XVHG�WR�HVWLPDWH�QLWURJHQ
ORDGLQJV�LQ�WKHVH�WZR�VWXGLHV���7KH�HVWLPDWH�E\�=HPED��������XVHG�OLWHUDWXUH�YDOXHV�DQG�WHQ�\HDUV
������������RI�ZHW�GHSRVLWLRQ�GDWD�IURP�WKH�1$'3���2WKHU�VWXGLHV�FLWHG�E\�WKH�0DVVDFKXVHWWV
%D\V�1(3�VXJJHVW�WKDW�WKH�FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�PD\�EH�KLJKHU��DERXW����WR���
SHUFHQW�RI�WRWDO�QLWURJHQ�ORDG��H[FOXGLQJ�H[FKDQJH�ZLWK�WKH�*XOI�RI�0DLQH��0DVVDFKXVHWWV�%D\V
1(3�������

$WPRVSKHULF�GHSRVLWLRQ�LV�DOVR�D�VLJQLILFDQW�FRQWULEXWRU�RI�RUJDQLF�SROOXWDQWV�DQG�WUDFH
PHWDOV�WR�0DVVDFKXVHWWV�%D\V���0HQ]LH�&XUD��������HVWLPDWHG�WKDW�GLUHFW�DWPRVSKHULF�GHSRVLWLRQ
ZDV�D�VLJQLILFDQW�VRXUFH�RI�3$+V�������SHUFHQW���3&%V��������SHUFHQW���FDGPLXP��������SHUFHQW��
DQG�OHDG��������SHUFHQW����$�VXEVHTXHQW�0DVVDFKXVHWWV�%D\V�1(3�VWXG\�JHQHUDOO\�FRUURERUDWHG
WKH�0HQ]LH�&XUD��������PHWDO�GHSRVLWLRQ�UHVXOWV��DOWKRXJK�OHDG�GHSRVLWLRQ�UDWHV�ZHUH�VOLJKWO\
ORZHU��*RORPE�HW�DO����������7KH�OHDG�GHSRVLWLRQ�HVWLPDWHV�PD\�EH�ORZHU�LQ�*RORPE�������
EHFDXVH�WKH�GDWD�XVHG�LQ�WKH�0HQ]LH�&XUD�VWXG\�ZHUH�REWDLQHG�SULRU�WR�WKH�SKDVH�RXW�RI�OHDGHG
JDVROLQH���*RORPE��������DOVR�LQGLFDWHG�WKDW�3$+�GHSRVLWLRQ�PD\�KDYH�EHHQ�XQGHUHVWLPDWHG�DQG
WKDW�3&%�FRQFHQWUDWLRQV�ZHUH�EHORZ�GHWHFWLRQ�OLPLWV�DQG��WKHUHIRUH��DWPRVSKHULF�GHSRVLWLRQ�UDWHV
IRU�3&%V�ZHUH�QRW�FDOFXODWHG���%HFDXVH�3&%�FRQFHQWUDWLRQV�ZHUH�EHORZ�WKH�GHWHFWLRQ�OLPLW��PRUH
SUHFLVH�ILHOG�PHDVXUHPHQWV�RI�ZHW�DQG�GU\�GHSRVLWLRQ�RI�3&%V�DUH�QHFHVVDU\�WR�YHULI\�WKH�LQLWLDO
HVWLPDWHV�DQG�WR�GHWHUPLQH�WKH�UHODWLYH�LPSDFW�RI�DWPRVSKHULF�GHSRVLWLRQ�RI�3&%V�WR
0DVVDFKXVHWWV�%D\V�

3HFRQLF�%D\���1LWURJHQ�IURP�DWPRVSKHULF�GHSRVLWLRQ�WR�WKH�3HFRQLF�5LYHU�DQG�)ODQGHUV
%D\��1HZ�<RUN��LV�HVWLPDWHG�WR�EH�DERXW����NJ�GD\��RU�DERXW�ILYH�SHUFHQW�RI�WKH�WRWDO�QLWURJHQ
ORDGLQJ�WR�WKDW�DUHD��6XIIRON�&RXQW\���������7KH�LPSDFW�RI�DWPRVSKHULF�GHSRVLWLRQ�RQ
HXWURSKLFDWLRQ�LQ�3HFRQLF�5LYHU�DQG�)ODQGHUV�%D\�LV�FRQVLGHUHG�WR�EH�UHODWLYHO\�VPDOO�LQ�UHODWLRQ
WR�RWKHU�SRLQW�DQG�QRQSRLQW�VRXUFHV���$WPRVSKHULF�GHSRVLWLRQ�LV�EHOLHYHG�WR�EH�PXFK�PRUH
VLJQLILFDQW�LQ�WHUPV�RI�UHODWLYH�HXWURSKLFDWLRQ�LPSDFWV�WR�3HFRQLF�(VWXDU\�VXUIDFH�ZDWHUV�HDVW�RI
)ODQGHUV�%D\���'HWDLOHG�ORDGLQJ�HVWLPDWHV�IRU�WKHVH�HDVWHUQ�DUHDV��DV�ZHOO�DV�IRU�VSHFLILF
VXEZDWHUVKHGV��DUH�EHLQJ�GHYHORSHG�IRU�WKH�3HFRQLF�1(3�ZDWHUV��DQG�WKH�UHODWLYH�HXWURSKLFDWLRQ
LPSDFWV�RI�VRXUFHV�DUH�EHLQJ�DVVHVVHG�WKURXJK�FRPSXWHU�PRGHOLQJ�

)XWXUH�5HVHDUFK�1HHGV�LQ�1(3�DQG�2WKHU�&RDVWDO�:DWHUV

5HVHDUFK�RQ�DWPRVSKHULF�GHSRVLWLRQ�WR�FRDVWDO�ZDWHUV�KDV�EHHQ�OLPLWHG�WR�D�IHZ�DUHDV��DQG
PRVW�VWXGLHV�KDYH�IRFXVHG�RQ�LGHQWLI\LQJ�DQG�GHWHUPLQLQJ�WKH�FRQFHQWUDWLRQ�RI�SROOXWDQWV�RI
FRQFHUQ�LQ�ZDWHU�DQG�VHGLPHQW��DQG�PHDVXULQJ�FRQFHQWUDWLRQV�RI�SROOXWDQWV�LQ�SUHFLSLWDWLRQ��
'XH�WR�OLPLWHG�IXQGLQJ��PDQ\�SUHOLPLQDU\�1(3�VWXGLHV�DUH�UHVWULFWHG�WR�XVLQJ�KLVWRULFDO�GDWD�WR
HVWLPDWH�DWPRVSKHULF�GHSRVLWLRQ���6RPH�1(3�VWXGLHV�KDYH�XVHG�D�URXJK�PDVV�EDODQFH�DSSURDFK
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WR�GHWHUPLQH�WKH�UHODWLYH�ORDGLQJ�RI�HDFK�SROOXWDQW�WR�WKH�HVWXDU\��EXW�PRUH�SUHFLVH�TXDQWLWDWLYH
PDVV�EDODQFHV�DUH�QHHGHG��ZKLFK�UHTXLUH�DFFXUDWH�DQG�FRPSUHKHQVLYH�DWPRVSKHULF�GDWD�

(VWDEOLVKLQJ�WKH�WRWDO�FRQWULEXWLRQ�RI�SROOXWDQWV�DQG�WKHLU�VRXUFHV�LV�DQ�LPSRUWDQW�SDUW�RI
GHYHORSLQJ�DQG�LPSOHPHQWLQJ�&&03V�IRU�1(3V��DQG�WKH�ODFN�RI�NQRZOHGJH�DERXW�WKH
FRQFHQWUDWLRQV��GHSRVLWLRQ��DQG�SRWHQWLDO�VRXUFHV�RI�DLUERUQH�SROOXWDQWV�PDNHV�VRXQG�SROLF\
IRUPDWLRQ�IRU�WKH�HVWXDULHV�GLIILFXOW���7KH�TXHVWLRQ�RI�WKH�PDJQLWXGH�RI�SROOXWDQW�GHSRVLWLRQ�IURP
WKH�DLU�KDV�EHFRPH�PRUH�LPSRUWDQW�DV�RWKHU�VRXUFHV�RI�SROOXWLRQ�WR�ULYHUV��ODNHV��VWUHDPV��DQG
FRDVWDO�ZDWHUV�KDYH�EHHQ�LGHQWLILHG�DQG�VLJQLILFDQWO\�UHGXFHG�

5HVHDUFK�TXHVWLRQV�IRU�WKH�1(3�HVWXDULHV�DQG�RWKHU�FRDVWDO�ZDWHUV�LQFOXGH�

& :KDW�DUH�WKH�FRQFHQWUDWLRQV�DQG�ORDGLQJV�RI�SROOXWDQWV�WKDW�DUH�EHLQJ�VXSSOLHG�E\
DWPRVSKHULF�GHSRVLWLRQ"

& :KDW�DUH�WKH�UHODWLYH�FRQWULEXWLRQV�RI�WKHVH�LQSXWV�WR�WKH�WRWDO�ORDG�RI�SROOXWDQWV
HQWHULQJ�WKH�HVWXDU\"

& :KDW�DUH�WKH�HPLVVLRQ�VRXUFHV�WKDW�DIIHFW�WKH�HVWXDULHV�DQG�ZKHUH�DUH�WKH\
JHRJUDSKLFDOO\�ORFDWHG"

& 'RHV�DWPRVSKHULF�GHSRVLWLRQ��GLUHFW�DQG�LQGLUHFW��RI�FRQWDPLQDQWV�FDXVH�RU
FRQWULEXWH�WR�ELRORJLFDO�KDUP�LQ�EHQWKLF��ERWWRP�GZHOOLQJ��RU�SHODJLF��VXVSHQGHG�
SODQNWRQLF��RU�ZDWHU�FROXPQ��FRPPXQLWLHV��RU�DIIHFW�KXPDQ�KHDOWK"

& :KDW�HFRQRPLFDOO\�DQG�WHFKQLFDOO\�IHDVLEOH�PHWKRGV�DUH�DYDLODEOH�WR�HIIHFWLYHO\
UHGXFH�DLUERUQH�SROOXWDQWV�DQG�WKHLU�HIIHFWV�RQ�HVWXDULHV"

7KH�1(3�HVWXDULHV�SURYLGH�DQ�H[FHOOHQW�RSSRUWXQLW\�WR�HYDOXDWH�WKH�HIIHFWV�DQG
FRQWULEXWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�RI�FRQWDPLQDQWV�WR�D�YDULHG�VHW�RI�HFRORJLFDO�
HQYLURQPHQWDO��DQG�DQWKURSRJHQLF�FRQGLWLRQV���7KH�1(3�DOVR�SURYLGHV�D��JUDVVURRWV��IRUXP�IRU
DGGUHVVLQJ�DQG�FRUUHFWLQJ�UHJLRQDO�DQG�QDWLRQDO�DLU�TXDOLW\�LVVXHV�DV�WKH\�SHUWDLQ�WR�RXU�FRDVWDO
ZDWHUV���5HFRPPHQGDWLRQV�IRU�IXUWKHU�DWPRVSKHULF�GHSRVLWLRQ�UHVHDUFK�LQ�FRDVWDO�ZDWHUV�WR�KHOS
DQVZHU�WKH�DERYH�TXHVWLRQV�LQFOXGH�

& 8WLOL]H�H[LVWLQJ�GDWDEDVHV�DQG�RQJRLQJ�ZRUN�RI�HVWDEOLVKHG�UHVHDUFK�SURJUDPV�DQG
FRRUGLQDWH�UHVHDUFK�LQLWLDWLYHV�ZLWK�WKHVH�SURJUDPV�

& 3URWHFW�DQG�HQKDQFH�H[LVWLQJ�PRQLWRULQJ�SURJUDPV�

& (VWDEOLVK�ORQJ�WHUP�ZDWHU�DQG�DLU�TXDOLW\�PRQLWRULQJ�SURJUDPV�WKDW�LQFRUSRUDWH
VDPSOLQJ�IRU�DWPRVSKHULF�GHSRVLWLRQ�RI�FRQWDPLQDQWV�IRU�D�VXEVHW�RI�1(3
HVWXDULHV�UHSUHVHQWLQJ�YDULRXV�JHRJUDSKLFDO�UHJLRQV�DQG�HQYLURQPHQWDO
FRQGLWLRQV�

& 8VH�VDPSOLQJ�GDWD�IURP�PRQLWRULQJ�SURJUDPV�WR�WUDFN�WUHQGV�DQG�VSDWLDO
YDULDELOLW\�WR�GHYHORS�PRUH�DFFXUDWH�ORDGLQJ�HVWLPDWHV�
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& &RRUGLQDWH�HIIRUWV�EHWZHHQ�1(3�HVWXDULHV�DQG�RWKHU�*UHDW�:DWHUV�SURJUDP
VWXGLHV�WR�LGHQWLI\�ORFDO��UHJLRQDO��DQG�QDWLRQDO�VRXUFHV�RI�DLUERUQH�SROOXWDQWV�

& 3XUVXH�GHWDLOHG�DWPRVSKHULF�FKHPLVWU\�DQG�GHSRVLWLRQ�PRGHOV�IRU�HVWLPDWLQJ
DWPRVSKHULF�GHSRVLWLRQ�WR�1(3�HVWXDULHV�

& 'HYHORS�D�PXOWL�SDUW\�HIIRUW�WR�LGHQWLI\�DQG�GHPRQVWUDWH�DSSURSULDWH�SROOXWLRQ
SUHYHQWLRQ�WHFKQLTXHV��

& $SSO\�H[LVWLQJ�DWPRVSKHULF�FLUFXODWLRQ�PRGHOV�WR�ILOO�LQ�GDWD�JDSV�EHWZHHQ
PHDVXUHG�DQG�HVWLPDWHG�DWPRVSKHULF�GHSRVLWLRQ�DQG�WR�DLG�LQ�WUDFLQJ�WKH
SROOXWDQWV�LQ�WKH�HVWXDULHV�EDFN�WR�WKHLU�SUREDEOH�VRXUFHV��DQG

& 6XSSRUW�SURFHVV�UHODWHG�UHVHDUFK�WR�HVWDEOLVK�FDXVH�DQG�HIIHFW�UHODWLRQVKLSV
EHWZHHQ�DWPRVSKHULF�GHSRVLWLRQ�RI�FRQWDPLQDQWV�DQG�DOWHUDWLRQV�RI�ZDWHU�TXDOLW\�
ILVKHULHV��UHFUHDWLRQDO�DQG�RWKHU�HFRQRPLF�DQG�HFRORJLFDO�UHVRXUFHV�RI�UHFHLYLQJ
HVWXDULQH�DQG�FRDVWDO�ZDWHUV�

7KLV�UHVHDUFK�LV�QHHGHG�QRW�RQO\�WR�DVVLVW�GHFLVLRQ�PDNHUV�IRU�VSHFLILF�FRDVWDO�ZDWHUV��EXW�WR�IRUP
D�FRPSUHKHQVLYH�SLFWXUH�RI�DWPRVSKHULF�GHSRVLWLRQ�DFURVV�WKH�8QLWHG�6WDWHV���,Q�DGGLWLRQ�
FRRUGLQDWHG�XVH�RI�RWKHU�PHFKDQLVPV��VXFK�DV�YROXQWDU\�SROOXWLRQ�SUHYHQWLRQ��FDQ�KHOS�FRQWURO
WKH�QHJDWLYH�LPSDFWV�RI�DWPRVSKHULF�GHSRVLWLRQ�WR�ZDWHU�TXDOLW\�LQ�1(3�HVWXDULHV��HVSHFLDOO\�DW
WKH�ORFDO�DQG�UHJLRQDO�OHYHO�


